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Soil N availability can be defined as the amount of N 
supplied by soils in a chemical form readily absorbed by 
plant roots. This is dependent not only on the soil but 
also on the specific conditions of plant growth; so the 
plant itself is considered the best index for determining 
soil N availability. 
Far more N than any other nutrient is removed from soils 
by crops. The growth of most agricultural crops is highly 
dependent on the supply of this essential element from the 
soil and/or fertilizers. In most soils, a significant amount 
of native organic N is mineralized during the growing season. 
Surface soils commonly contain between 0.08 and 0.4% total 
N, almost entirely (>95%) in the organic form. If 1 to 3% of 
this N is mineralized in a growing season, from 8 to 120 Kg of 
N/ha may be available for crop utilization. Although the 
amount of N mineralized is seldom sufficient for the require­
ments of agronomic crops, knowledge of its rate of release and 
pool size is important for assessing the N fertilizer needs 
of crop plants. 
The mineral N produced during mineralization is easily 
absorbed by plants but is frequently transformed through the 
immobilization process. Gains of N by the soil system are 
always occurring due to biological fixation by leguminous 
plants and microbiological activity. Simultaneous losses of 
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NH^ and NO^ forms by leaching, denitrification, and volatiliza­
tion processes may also take place. Therefore, the behavior 
of inorganic N in the soil-plant system is dynamic and in­
volves many complex interactions. This fact results in an 
uncertain estimation of the net N supply available to crops. 
Appropriate estimation of the net N supply by soils 
should have important impacts on the improvement of water 
quality, the ecological environment, and on the economics of 
crop production. Although numerous methods for assessing 
soil N availability have been reported in the last 20 years, 
the information is still incomplete and needs to be evaluated 
using plant uptake as a major biological criterion. Thus, a 
general integrated knowledge of the adequacy of the different 
biological and chemical indexes to predict soil N supply is 
still needed. 
Therefore, the main objectives of this study were: 
(1) to study the relationships between the available N as de­
termined by biological and chemical methods and plant 
uptake of organic N in soils, and (2) to assess the potential­
ly mineralizable N and N mineralization rates in selected Iowa 
and Chilean soils. 
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LITERATURE REVIEW 
The continuous increase in the world population has in­
creased the necessity for greater food production through 
higher crop yields. Prior to 1930, the increase in agricul­
tural output was due mainly to the cumulative increase in new 
cropland area. Since the 1940s, however, the increase in 
crop production has been due to improved technology (Aldrich, 
1980). Among the new technologies, the demand for N fer­
tilizers has been the most obvious. World N fertilizer con­
sumption has increased from <1 million metric tons in 1945 to 
about 14 million metric tons in 1985. 
The use of large quantities of N fertilizers has not 
always been beneficial. There are economic implications re­
lated to the loss of N fertilizers or to the reduction of 
economic returns from crop production for the farmers around 
the world (Gros and Swanson, 1975; Taylor and Frohberg, 1977). 
Nitrogen can be lost from soils in many different ways. 
Leaching is one of the most important way of N removal (as 
NOg) from the soil profile in subhumid and humid areas (Viets, 
1971; Kolebrander, 1972; Rennie et al., 1976; Chichester, 
1977). These losses have been considered critical in some 
irrigated areas where they may constitute from 13 to 102% of 
the applied N source (McNeal and Pratt, 1978). In addition 
to losses by leaching, NOg is lost from soils by denitrifica-
tion (Firestone, 1982). 
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Another means of loss of N fertilizer added to soil is 
through NH^ volatilization. Significant losses by vola­
tilization of ammonium or ammonium-producing N fertilizer 
from soils have been reported by numerous scientists (Har­
grove et al., 1977; Broadbent and Carlton, 1978; Vlek and 
Craswell, 1979). Smaller, but significant, amounts of N in 
the form of NO^ is lost from soils by erosion and surface 
runoff. 
In contrast to these losses, the N balance in soils can 
be largely maintained by biological fixation of variable 
amounts of atmospheric N by leguminous crops. The N2 fixa­
tion by Rhi zobi um-legume symbiosis has been estimated to be 
140 kg of N/ha year"^ (Burns and Hardy, 1975). 
The transformations of organic N into inorganic forms 
under aerobic conditions are regulated by microbial activity 
through the action of enzymes. A broad spectrum of micro­
organisms, including bacteria, fungi, and actinomycetes, are 
able to slowly release NH^ from the organic forms (ammonifi-
cation). In fact, the breakdown of proteins and other N 
compounds is the result of the action of many microbial 
strains, each of which having some function in the pathway 
of degradation (Alexander, 1977). 
The amount of NH^ thus formed is variable depending on 
the organisms, substrate, soil type, and environmental con­
ditions. Extracellular proteolytic enzymes released by 
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these heterotrophs catalyze the hydrolysis of many different 
proteins in soil organic matter. 








NO2 NO" . 
(very fast) 
Oxidation occurs in the transformation of NH^ to NO^. Nitrite 
is an intermediate form in the general process commonly called 
nitrification. 
Nitrosomonas sp. are largely responsible for NH^ oxida­
tion. All these microorganisms are considered to be auto­
trophs which derive carbon for cell synthesis largely from 
2__ _ 
^2* ^ *^3 HCOg. Energy for reduction of CO2 is obtained 
by those bacteria through the oxidation of inorganic N com­
pounds (Focht and Verstraete, 1977). 
Oxidation of NO2 occurs at a higher speed and the di­
versity of bacterial genera is more restricted than that of 
NH^ oxidizers. In fact, only Nitrobacter sp. is responsible 
for oxidation of NO"^ to NO"^. 
The mineralization of N from soil organic matter is pro­
foundly influenced by cultivation. Voluminous amounts of 
work have been reported in the literature to support or dis-
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agree with this concept. The conflict is mainly on whether 
the rate of N mineralization in the presence of crops is more 
or less rapid, also whether the rate under crops is constant 
or variable at different stages of crop growth and develop­
ment. Lyon et al. (1923) demonstrated that the accumulation 
of NOg in soils under oats and maize was less than in the 
fallow soils. Their results have been verified by similar 
experiments by Pinck et al. (1946) who attributed the loss of 
N to metabolic processes occurring within growing plants. 
Also, Goring and Clark (1948) concluded that less mineral N 
accumulates in cropped soils than in fallow soils, even though 
an accounting is made of the N removed by cropping and that 
the extent of the N deficit encountered is correlated to total 
weight of roots, to N content of crop grown, and to the in­
crease in number of microorganisms that occurs with plant 
growth. 
Monitoring the dynamic biochemical processes of min-
eralization-immobilization could provide the information 
needed to predict the N supply of the chemical forms readily 
absorbed by plant roots. The available N in soils is derived 
from numerous sources; in production agriculture, it is 
dominantly from fertilizer, biological N2 fixation, and min­
eralization of organic N from wastes, crop residues and soil 
organic matter. It has been estimated that between 1 and 3% 
of the total N in soils in mineralized in a growing season 
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(Bremner, 1965c). Surface soils commonly contain between 
0.08 and 0.4% total N, almost entirely in the organic form, 
and simple calculation indicates that from 8 to 120 kg of N/ 
ha may be available for crop utilization. This amount of N 
however, is seldom sufficient for the needs of agronomic 
crops; furthermore, it is slowly released, whereas most crops 
require the majority of their N early in the growing season 
(Viets, 1965). 
The fact that N can easily be lost from the soil, the 
dynamic changes of N availability, and the environmental 
factors affecting those changes, and the different nutrient 
requirements by crops led many research centers in developing 
and evaluating biological, biochemical, and chemical methods 
as indexes for predicting soil N availability. Such methods 
are desired for better prediction of the amount of N fer­
tilizer needed to supplement the soil-derived N in meeting 
crop needs. In fact, the need for a soil test for N avail­
ability has been recognized for decades. Numerous articles 
have been published since 1900 reporting the results of 
research efforts to find an accurate biological or 
chemical index of soil N availability. The methods have been 
summarized in several review articles (Bremner, 1965c; Dahnke 
and Vasey, 1973; Keeney, 1982; Stanford, 1982; Sahrawat, 1983). 
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Biological Indexes of Available Nitrogen 
Several biological methods have been proposed as indexes 
of plant available N in soils. The methods published before 
1982 have been summarized in review articles by Bremner 
(1965a), Dahnke and Vasey (1973), Stanford (1982), Keeney 
(1982), and Sahrawat (1983). A number of methods to estimate 
mineralization of N through incubation of soil samples have 
been proposed during the past 25 years. In general, these 
methods can be divided into two groups. The first group in­
volves short-term (1-2 weeks) incubation of soils under 
aerobic or waterlogged conditions. The second group involves 
long-term (2-30 weeks) incubation of soil samples under 
aerobic conditions. The basis of these methods rests in the 
fact that the same microorganisms which are able to release 
plant available soil N during the crop growing season are 
those involved in mineralization of N in fresh soil samples 
under laboratory conditions. 
Among the short-term, aerobic incubation indexes pro­
posed, the method of Keeney and Bremner (1967) has received 
the most attention. In this method, 10 g of soil are mixed 
with 30 g of 30- to 60-mesh quartz sand, treated with 6 ml 
of distilled water, and incubated at 30®C for 14 days. The 
amount of mineral N (NH^ + NO^ + NO^) produced during incuba­
tion is determined by steam distillation. It has been shown 
that the results by this method are significantly correlated 
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with dry matter yield and N yield of ryegrass (Lolium 
multiflorum L.) and Sudan-sorghum hybrid grass (Kadirgama-
thaiyah and Mackenzie, 1970; Tejeda and Gogan, 1970). 
Another short-term incubation method proposed by Waring 
and Bremner (1964) involves determination of the NH^ released 
when soil is incubated under waterlogged condition at 30®C for 
2 weeks. In this method, 5 g of soil are placed in a test 
tube and treated with 12.5 ± 1 ml of deionized water. The 
tube is stoppered and placed in an incubator adjusted at 30®C. 
After 2 weeks, the contents are transferred into a steam 
distillation flask with 4 M KCl and the NH^ content is de­
termined after distillation with MgO. The authors found a 
very close correlation (r = 0.96) between the amount of NH^-N' 
released by this incubation method and that produced by in­
cubating soil samples under aerobic conditions. Among the 
advantages attributed to this method are; (a) simplicity, 
(b) no amendments are required, (c) aeration is not required, 
and (d) the incubation time required may be shortened to 1 
week. One of the disadvantages of this method is the possible 
NOg-N losses by denitrification. The method has received 
special attention in estimating N availability for paddy rice 
production (Koyama, 1971; Dolmat et al., 1980). Also, it has 
been shown that the results by this method are significantly 
correlated with dry matter yield and N yield of corn (Zea 
mays L.), orchardgrass (Dactylis qlomerata L.), ryegrass, and 
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forest trees (Sims et al., 1967; Smith, 1966; Tejeda and 
Gogan, 1970; Cornforth and Walmsley, 1971; Baerug et al., 
1973; Powers, 1980). 
Short-term incubation methods give only a partial mea­
surement of the N supply by the soil organic nitrogen. As a 
matter of fact, only a small proportion of the potentially 
mineralizable N is released in short-term incubations. The 
interpretation of these short-term incubation indexes have 
been empirically based on previously determined plant response 
to N fertilizer applications or plant N uptake from soil 
samples. 
Stanford and Smith (1972) calculated the mineralization 
rate constant and from the following equation: 
log (NQ - N^) = log - k^/2.303 (t) 
where: 
NQ = potential N mineralization 
2.303 = natural log factor 
= cumulative N at time (t) 
k = mineralization rate constant. 
In the same study, a k value of 0.054 ± 0.09 was obtained 
from a pooled regression of 29 soils. By using this equa­
tion through regression of log (N^ - N^) on t for successive 
approximations, the potentially mineralizable N varied from 
20 to 300 ppm. 
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Soil N mineralization rate is influenced profoundly by-
temperature within the range normally encountered under field 
conditions. Studies by Stanford et al. (1973a) on tempera­
ture coefficient of soil N mineralization showed that the 
mineralization rate constant (k) for 5, 15, 25, and 35°C were 
0.008, 0.015, 0.027, and 0.049 week~^. The Q^q values for 
temperatures ranging from 5 to 15, from 15 to 25, and from 
25 to 35®C, respectively, were 1.9, 1.8, and 1.8 for 11 soils. 
Because of the very low N mineralization rate at 5®C, esti­
mates of k are less reliable than at higher temperatures. 
By using the soil column-incubation approach proposed 
by Stanford and Smith (1972), Abdelmagid (1980) studied N 
mineralization in 10 representative Iowa soils incubated at 
15, 25, or 350c for 30 weeks. In one experiment, a nutrient 
solution (-N) was added to the soil after each leaching. A 
duplicated experiment was included but the soils were not 
treated with nutrient solution after each leaching to remove 
the mineral N produced during incubation. The results showed 
that the cumulative amounts of N mineralized were, in general, 
linearly related with time of incubation. Abdelmagid (1980) 
reported that there was no general trend in Q^q values for N 
mineralization in air-dried and field-moist soils at 25 and 
35°C, and that the Q^q values were always higher at 25®C than 
at 35®C, indicating that N mineralization in soils is not 
linearly related to temperature. At 35®C, the values 
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were less variable than those at 25°C and were almost always 
2 or <2. Q^q values ranging between 1.8 and 3.0 have been 
reported in the literature (Abdelmagid, 1980). 
The relationships between soil N mineralization, soil 
water content, and matric suction were studied with 9 soils 
by Stanford and Epstein (1974). They found that the highest 
N mineralization rates occurred between matric suctions of 
1/3 to 0.1 bar, in which range 80 to 90% of the total pore 
space was filled with water. In the range from optimum soil 
water content (1/3 to 0.1 bar) to 15 bars, a near-linear 
relation generally existed between amounts of mineral N 
accumulated and soil water contents (percent of oven-dry 
soil). With increasing dryness, N mineralization continued 
to decline. Water levels above optimum often reduced mineral 
N accumulation, presumably because of denitrification. 
Cassman and Munns (1980) have studied the interactive 
effect of soil temperature and moisture levels on the rate 
of N mineralization. They found a significant moisture x 
temperature interaction using 4 temperatures: 15, 20, 25, 
and 30®C in a factorial combination with 6 moisture levels: 
0.1, 0.3, 0.7, 2, 4, and 10 bars. In addition, they observed 
that the net N mineralization changed with soil profile depth 
and showed the effect of spatial distribution on soil mois­
ture content. 
Although there are many advantages in the long-term 
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incubation procedures in comparison with the short-term 
incubation methods to estimate net N mineralization, the . 
former are considered expensive and time-consuming. On the 
other hand, different information can be obtained depending 
on the mathematical analysis of the incubation results. 
According to Talpaz et al. (1981), analysis of the data by a 
nonlinear regression procedure gave different estimates for 
NQ and k than those obtained by Stanford and Smith (1972) 
through a linear regression technique. The differences be­
tween these values depend mainly on the behavior of the error 
term in the mineralization rate equation. It has been shown 
that the use of the nonlinear regression analysis is prefer­
able to the linear regression technique (Talpaz et al., 1981). 
Curvilinear relationships between the amount of N min­
eralized and time of incubation are commonly described by 
either hyperbolic or first-order equations (Stanford and 
Smith, 1972; Herlihy, 1979; Molina et al., 1980; Campbell 
et al., 1984; Juma et al,, 1984), 
In general, is an index closely related with total N 
and thus can be estimated by other methods, hopefully, less 
expensive and less time-consuming. 
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Chemical Indexes of Available Nitrogen 
Many chemical indexes have been proposed in the past for 
extraction of a fraction of the total soil N that can be re­
leased to the soil solution and be taken up by plants. Sev­
eral empirical indexes have been proposed, and the degree of 
utility has been evaluated through correlation with biologi­
cal measurements of soil N availability such as N uptake, 
crop yields, or mineralizable N (Stanford, 1982). Although 
some progress has been made since the reviews by Bremner 
(1965a) and Dahnke and Vasey (1973), none of the proposed 
chemical indexes has been accepted as a universal procedure. 
A reliable method to assess soil N availability is still 
needed. 
Nitrogen extraction from soils by chemical compounds 
that simulate the action of microorganisms is considered a 
mild extraction procedure. Several methods have been proposed 
to measure the pool of soil available N. Jenkinson (1968) 
has suggested the use of 0.05 M Ba(0H)2 solution as a good 
index to determine potentially mineralizable N in British 
soils. Whitehead (1981) has confirmed the suitability of that 
procedure by studying the alkaline hydrolysis of polysacca-
rides as an indirect index to determine N availability in 
greenhouse and field studies with English soils. The final 
product, "glucose", is measured colorimetrically and corre­
lated with herbage N yields. Jenkinson (1968) suggested that 
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the amount of extracted glucose reflected the size of the 
soil "biomass". 
One of the most used extraction procedures has been the 
water-extracted N obtained by boiling a soil-water mixture. 
Verstraeten et al. (1970) proposed the use of a mild extrac­
tion procedure based on the hydrolysis of organic N compounds 
from the soil organic matter. The authors suggested an ex­
traction with water at room temperature for 30 min followed 
by a filtration under vacuum and a second extraction with 1% 
KCl, An alternative procedure also suggested by Verstraeten 
et al. (1970) consisted of heating by refluxing 25 g of soil 
with 150 ml of distilled water for 60 min. In both proce­
dures, mineral N released was determined as a final product 
of the hydrolysis. The authors showed that, in cultivated 
and forest soils from Belgium, N mineralized after 32 days 
of incubation at 30°C was highly correlated with cold-water 
extractable N. 
Keeney and Bremner (1966) reported the use of boiled 
water under reflux for 60 min using a 1:6 soil:water mixture. 
The total N released with this procedure showed a close rela­
tionship with N uptake by ryegrass grown on 25 representative 
Iowa soils. In a study of soil organic fractions from 20 
Quebec soils, Kadirgamathaiyah and Mackenzie (1970) found a 
high correlation between the total N released by boiling 
water and N uptake by Sudan-sorghum hybrid grass grown in a 
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growth chamber. Ryan et al. (1971) observed low correlation 
coefficients between N uptake by sorghum (Sorghum vulgare) 
grown in a greenhouse on 15 Kentucky soils and water-
extractable N using the procedure described by Keeney and 
Bremner (1965). A close relationship between hot-water 
soluble N and dry matter yield or N yield of field sugarbeet 
(Beta vulgaris) has been observed by Bronner and Bachler 
(1980) in Austria. 
Stanford (1968) proposed the use of 0.01 M CaClg instead 
of boiling water. Some advantages suggested by the author 
were the following; (a) the salt concentration of the pro­
posed solution is similar to that found in the soil solution 
of nonsaline soils, (b) the pH tends to be maintained at a 
constant value, and (c) soil does not become dispersed. 
Stanford (1968) observed that hydrolyzable N accounted for 
15-25% of the soil N after 9 successive extractions with 
boiling 0.01 M CaCl2 in 14 selected Maryland soils. 
Stanford and Demar (1970) applied the same principle of 
boiling extraction in a different technique that consisted of 
autoclaving (121^0) 20 g of soil for 16 h with 25 ml of 0.01 
M CaCl2 and in recovering the extract by centrifugation. The 
soil residue was resuspended in 20-25 ml 0.01 M CaCl2, 
centrifuged and the combined extracts analyzed for NH^-N. 
The amount of diffusible NH^-N in the extracts, determined by 
a modified Conway method or by the alkali-distillable NH^-N 
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by steam distillation, showed a high correlation with min­
eralized soil N. 
The basic preliminary study of Stanford and Demar (1970) 
was expanded by Smith and Stanford (1971) using 39 surface 
soils from representative locations throughout the U.S. 
They observed a high correlation of the alkali-distillable 
N from the 0.01 M CaCl2 extracts with anaerobic or aerobic N 
mineralization. The correlation was considerably better with 
the anaerobic mineralization when the whole set of soils was 
considered. 
Lathwell et al. (1972) have obtained a successful pre­
diction of the N supplying power of 10 representative Cxisols 
and Ultisols from Puerto Rico by relating the N extracted 
with boiling 0.01 M CaCl2 and the N uptake in a greenhouse 
experiment with cropping sequence of corn (Zea mays L.) and 
sorghum (Sorghum bicolor (L.) Moench), corn, corn. 
Dolmat et al. (1980), using 31 surface soils from 
Louisiana, where field rice experiments were located, found 
high correlations between rough rice yields in nonfertilized 
plots and the boiling 0.01 M CaCl2 N-extract values. A good 
correlation was also obtained with this method and the N 
mineralized under anaerobic conditions. 
Magdoff et al. (1983) obtained a successful evaluation 
of N availability in 8 field experiments in Pennsylvania. 
Corn silage yields showed high correlation with the N 
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availability index based on the autoclaving with 0.01 M CaClg. 
Stanford and Smith (1975) studied the potentially min-
eralizable nitrogen (N^) of 39 surface soils from the U.S. 
(previously examined by Stanford and Smith, 1972), and indi­
cated that the values can be properly estimated from the 
chemical N availability index determined with the CaCl2-
autoclaving (16 h, 12l°C) procedure. 
Whitehead et al. (1981) considered the 0.01 M CaCl2-
autoclaving method to be the second best method to predict 
soil N supply among 5 chemical procedures evaluated. In this 
evaluation, the extent to which the results accounted for the 
variability in the amount of N in the herbage of perennial, 
nonfertilized ryegrass plots was determined. For this pur­
pose, 140 experiments were conducted in England and Wales. 
An alternative to the mild extraction of organic soil N 
with water or 0.01 M CaCl2 is the NaHCO^-extractable N pro­
posed by MacLean (1964). In this procedure, 5 g of soil are 
shaken with 100 ml of 0.01 M NaHCO^ for 15 min. Nitrogen is 
measured by digestion of the organic N in the extract. Fox 
and Piekielek ( 1978) used the same extraction procedure sug­
gested by MacLean (1964), but proposed to measure the ab-
sorbance of the extract at 260 nm. A high correlation was 
obtained between this index of N supply and the N content of 
field-grown corn in Pennsylvania. Michrina et al. (1981) 
evaluated this method for predicting soil N availability to 
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corn in greenhouse and field experiments. The authors found 
a good correlation with N uptake in the greenhouse but a non­
significant correlation with field values of N uptake. 
The chemical nature of the N extracted from soils with 
0.01 M NaHCOg and boiling 0.01 M CaCl2 has been studied by 
Michrina et al. (1982). They showed that the two extractants 
remove different fractions of the soil organic matter. A 
study of 5 soils showed that the C/N ratio of the NaHCO^ 
extract (following decarbonation) was significantly higher 
than that of the total soil organic matter, whereas the C/N 
ratio in the boiling CaClg extract was not significantly 
different from that in the soil organic matter. There was 
also significant variation in C/N values among soils for the 
boiling CaCl2 extract. Michrina et al. showed that from 43 
to 92% of the N extracted by the NaHCO^ was in protein form, 
and 8 to 30% was ninhydrin-detectable. In the boiling CaClg 
extract, 25 to 30% of the extracted N was ninhydrin detect­
able. The results of this study indicated that specific 
fractions of the soil organic matter were extracted by the 
two reagents and that significant differences existed in the 
chemical nature of the N in the two extracts. 
The search for extraction methods employing heating and 
boiling to simulate the mild release of organic N by the 
action of microorganisms has continued. 0'ien and Selmer-
Olsen (1980) have proposed a simple and rapid procedure using 
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4 g of soil and 40 ml of 2 M KCl. The mixture is heated for 
20 h at 80°C and the NH^-N released from the organic matter 
as well as the NOg-N were determined, A high correlation 
between the N mineralized by aerobic incubation for 14 days 
at 30°C and the proposed index was obtained for 43 soil 
samples from Norway. Later, Selmer-Olsen et al. (1981) 
evaluated this procedure by means of a pot experiment using 
oat (Avena sp.) as indicator plants on 36 soils from Norway. 
A high correlation (r = 0.87) was obtained between this index 
and N uptake by oat plants harvested at the milk stage. 
Acid hydrolysis is considered a drastic method to extract 
biological or available N compounds. The procedure does not 
differentiate between active or passive N compounds (Juma 
and Paul, 1984). 
Gallagher and Bartholomew (1964) found a highly signifi­
cant correlation (P < 0.01) between 6 N HgSO^ or IN HgSO^ 
extracted N and dry matter yields or N yields of millet 
(Setaria italica (L.) Beauv. ) grown under greenhouse condi­
tions on 54 soils from North Carolina. 
The use of more diluted acid solutions such as 0.0712 
N H2SO4, recommended by Purvis and Leo (1961), has not been 
considered satisfactory for the evaluation of plant available 
organic N (Smith, 1966; Robinson, 1968; Dolmat et al., 1980). 
The procedure involves determination of the N released as 
NH^ after adding 1 ml of 0.0712 N H^SO^ to 1 g of soil and 
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heating in a steam bath until dry. 
Organic carbon or total N as an index of available soil 
N appears to have very limited value. However, the use of 
these indexes is justified by the fact that available N is 
derived from the pool of soil organic matter through the min­
eralization process. In general, organic C or total N have 
been considered poor indexes of N availability for rice 
(Bremner, 1965a; Sims et al., 1967; Chang, 1978). However, 
under waterlogged conditions, Sahrawat (1983) found a high 
correlation of these indexes with the potentially mineraliz-
able N of soils. In a greenhouse experiment, Ryan et al. 
(1971) found a high correlation between organic C and N 
uptake by grain sorghum (Sorghum vulqare) growing on 15 
Kentucky soils. 
Chemical oxidation and acid hydrolysis of soil samples 
have also been combined to determine the fraction of total N 
susceptible to mineralization. Stanford and Smith (1978) 
carried out oxidative release and acid hydrolysis of soil 
samples as a chemical index of soil organic N availability. 
They used different KMnO^ concentrations (0.05 and 0.1 N 
KMnO^) in 1 N H^SO^ to extract NH^-N (shaking the mixture 
for 1 h) from 62 Maryland soils. The obtained values were 
highly correlated with the potentially mineralizable soil N 
(Ng) in those soils. The amount of NH^-N released by 
these procedures accounted for one-third to one-half of 
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Sahrawat (1982) found that this index was highly correlated 
with N uptake and dry matter yields of rice grown in a green­
house experiment under waterlogged conditions. N mineralized 
through the anaerobic incubation method of Waring and Bremner 
(1964) also showed a high correlation with the acid per­
manganate index. 
Nommik (1976) proposed the use of a mixture of concen­
trated orthophosphoric and chromic acids to predict the 
capacity of Swedish surface forest soils to supply N. In this 
procedure, 5 g of soil are heated with 25 ml of the acid mix­
ture at 100®C for 2 h in a water bath. Centrifugation and 
steam distillation of an aliquot are carried out to determine 
NH^-N. A high correlation was obtained between the NH^-N 
released by this procedure and NH^-N accumulated during 9 
weeks of incubation at 20®C. 
Alkaline hydrolysis has also been used to release frac­
tions of mineralizable organic N from soils. Working with 
48 different cultivated soils from England, Cornfield (1960) 
reported a high correlation (r = 0.84) between the NH^-N re­
leased from 2 g of soil by 5 ml of 1 M NaOH and the mineral 
N produced during 3 weeks of aerobic incubation at 28°C. The 
author explained this fact as a result of hydrolysis of the 
amide linkages of proteins and other N sources detected as 
Conway distillable N (microdiffusion technique). Some degree 
of success was achieved by soil scientists with this method. 
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However, Keeney and Bremner (1966) found a poor correlation 
between N uptake by ryegrass (Lolium multiflorum L.) and alka­
line hydrolysis by the Cornfield (1960) procedure in 25 sur­
face soil samples from Iowa. 
Gallagher and Bartholomew (1964) obtained a high correla­
tion between 0.5 N Na2C0^ extractable N and N uptake or dry 
matter yields of millet growing on 54 soils from North 
Carolina. In other studies, Stanford (1968) used 25 ml of 
0.5 N sodium pyrophosphate at pH 7 to digest 10 g of soil in 
a water bath at 100°C for 2 h. He determined the total N 
extracted to evaluate the selectivity of sodium pyrophosphate 
to extract mineralizable•forms of soil N in 14 Maryland soils. 
The author found a close correlation between the extracted 
cumulative N (3 extracts) and N mineralized from the same 
soils at 26°C for 13 weeks. 
Geist and Hazard (1975) found a high correlation (r = 
0.99) between the N released by the classical Kjeldahl N 
analysis and the fraction obtained by distillation with 4.5 
N NaOH. Forty-five soil'samples from different cultivated 
soils in Oregon were used. Geist et al. (1970) considered 
the NaOH hydrolysis plus Devarda alloy distillation to be a 
promising method to assess N availability in surface soil 
samples from Colorado, because it includes organic and min­
eral available N. This conclusion is supported by the work 
of Cornforth and Walmsley (1971), who found a high correla­
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tion between N uptake by corn grown in a greenhouse experi­
ment and 1 M NaOH-hydrolyzable N using 155 West Indian soils. 
Similarly, Stanford and Legg (1968) found satisfactory cor­
relation between the NH^ released by 1 M NaOH and N uptake 
by oats growing on 12 soils from Maryland. 
In general, it is recognized that the acid hydrolysis 
which has been used for degradation and protein analysis is 
much more efficient than the alkaline extraction because of 
the preferential decomposition of the N compounds in the soil 
(Vlassak et al., 1969). A combination of an alkaline hy­
drolysis and oxidation of the soil organic N has been used 
with a certain degree of success (Subbiah and Asija, 1956} 
Kresge and Merkle, 1957). Subbiah and Asija (1956) studied 
the alkaline hydrolysis and oxidation of 29 surface soil 
samples from India. The use of different concentrations of 
alkaline permanganate solutions (from 5% KMnO^ + 40% NaOH 
to 0.25% KMnO^ + 2% NaOH) allowed these authors to conclude 
that the extraction performed by 0.32% KMnO^ + 2.5% NaOH 
solution on 20 g of soil gave the best significant correla­
tion (r = 0.70 at P < 0.01) with mineralizable soil N obtained 
after 45 days of aerobic incubation. The Subbiah and Asija 
method (1956) was also successful to estimate anaerobic min­
eralizable N in 39 rice soils from the Philippines. However, 
Keeney and Bremner (1966) found a low correlation between 
this index and N uptake by ryegrass growing on 25 Iowa soils 
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in a greenhouse experiment. 
Stanford (1978) investigated the index of N availability 
obtained by extraction with alkaline permanganate using 62 
representative surface soil samples from the U.S. in relation 
to the potentially mineralizable soil N. The author used 
several NaOH and KMnO^ concentrations to determine the NH^-N 
released by hydrolysis during steam distillation for 4 min. 
A high correlation (r = 0.9) was obtained with all combina­
tions. Stanford (1978) concluded that the NH^-N released 
by NaOH hydrolysis and KMnO^ oxidation was derived from the 
same organic pool (e.g., amides, amines, amino acids, and 
amino sugars). Therefore, the extra effort to separate the 
effects of NaOH from that of KMnO^ would appear unnecessary. 
Although the release of soil organic N by alkaline re­
agents has been tested, a comprehensive evaluation of chemical 
procedures to simulate the potential N mineralization of soils 
using different concentrations of alkali reagents is still 
needed. 
Jenkinson (1962) proposed a method for estimating po­
tentially available N based on glucose extraction from soils 
using 0.1 N Ba(0H)2. Several soil scientists have evaluated 
the method and, in general, good correlations with other N 
indexes have been reported (Stanford and Demar, 1970; Corn-
forth and Walmsley, 1971). 
Many of the procedures that proved to be satisfactory 
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under certain conditions have been shown not universally 
applicable to soils. Therefore, the search for suitable 
chemical procedures that could simulate the activity of soil 
microorganisms at the soil biomass level is still needed. 
Such procedures should be rapid, inexpensive, and less sus­
ceptible to sample handling and storage. However, the in­
herent empirical nature of those methods should be reduced by 
providing direct and indirect chemical knowledge about the 
nature of the chemical compounds and reactions involved. 
Moreover, because N mineralization process"is a dynamic one, 
the time variable should be considered. 
The objectives of this work were: (1) to study the re­
lationships between the available N as determined by bio­
logical and chemical methods and plant uptake of organic N 
in soils, and(2) to assess the potentially mineralizable N 
and N mineralization rates in selected Iowa and Chilean soils. 
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MATERIALS AND METHODS 
Soils 
A total of 20 surface soil samples (0-15 cm) were used 
in this work. Of these, 13 soil samples were obtained in 
June 1984 from various locations across Iowa (Fig. 1). The 
other 7 soils were from Chile sampled in March 1984 from 
representative agricultural areas (Fig. 2). Most of the soil 
samples were obtained from uncultivated fields, and only 3 
soils had received N fertilizers the year before sampling 
(Table 1). 
The field-moist soils were passed through a 6-mm screen 
and stored in a refrigerator at 4®C for the greenhouse ex­
periments. A subsample was air-dried and ground to pass 
through a 2-mm sieve and a portion of it was ground to pass 
through a lOO-mesh sieve. These air-dried subsamples were 
used for chemical and physical analyses. 
In the analyses reported in Table 2, pH was determined 
by a glass electrode, organic C by the method of Mebius (i960), 
total N by the semimicro-Kjeldahl procedure described by 
Bremner and Mulvaney (1982), inorganic N (NH^ and NO^) as 
described by Keeney and Nelson (1982), and inorganic C by 
the method of Bundy and Bremner (1972). Total P was deter­
mined by the method of Dick and Tabatabai (1977), and organic 
and inorganic P by the method of Olsen and Dean (1965) as 
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1# 
Figure 1. Locations of the soils sampled in Iowa 
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Figure 2. Locations of the soils sampled in Chile 
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Table 1. Vegetation at sampling time and previous crops on 
the soils used 














































Corn (fertilized, NH^) 
Red clover 
Uncropped (many years) 
Corn (fertilized, 
urea) 
Uncropped (many years) 
Unfertilized plot 


















Table 2. Properties of soils used 
Soil pH^ 
No. Series Subgroup H2O CaCl2 
Iowa soils 
1. Ida Typic Udorthent 7.4 6.7 
2. Hayden Typic Hapludalf 5.8 5.1 
3. Downs Mollic Hapludalf 6.4 6.4 
4. Luther Aerie Ochraqualf 6.4 5.6 
5. Fayette Typic Hapludalf 7.4 6.9 
5. Tama Typic Argiudoll 5.4 5.1 
7. Lester Mollic Hapludalf 6. 6 6.1 
8. Clarion Typic Hapludoll 6.2 5.4 
9. Muscatine Aquic Hapludoll 7.6 6.9 
10. Nicollet Aquic Hapludoll 6.4 5.9 
11. Harps Typic Calciaquoll 7.9 7.2 
12. Okoboji Cumulic Haplaquoll 7.0 6.7 
13. Canisteo Typic Haplaquoll 7.8 7.2 
Chilean soils 
14. Alhue Xeric Durandept 8.0 7.4 
15. Constitucion Ultic Paleustalf 5.6 5.1 
16. Maipo Typic Xerofluvent 7.8 7.1 
17. Agua del Gato Typic Pelloxerert 7.8 7.5 
18. Collipulli Typic Palehumult 5.7 5.1 
19. Santa Barbara Entic Dystrandept 6.0 5.4 
20. Osorno Typic Dystrandept 5.3 4.9 
^Soil:water or soilrO.Ol M CaClg ratio, 1:2.5. 
^CaCO^ equivalent, 
^Extracted with 0.1 M LiClj 1:10, soil : solution ratio. 
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Carbon as Nitrogen as Phorphorus as Sulfur as 
Org. Inorg. ^ Total NH4 NO 3 Org. Inrog. Org. so^z-
0.6 8.7 0.078 4 0 41 712 138 1.9 
0.8 0 0.080 2 2 109 266 126 2.0 
1.0 0 0.106 9 6 174 249 189 6.6 
1.3 0 0.102 6 7 160 171 122 3.2 
1.5 2.9 0.175 5 12 197 234 221 5.0 
2.2 0 0.190 7 31 330 163 230 10. 3 
3.4 0 0.253 5 10 292 135 397 4.3 
3.4 0 0.270 8 4 366 173 316 2.6 
3.6 1.2 0.250 6 5 326 167 345 2.5 
3.7 0 0.282 8 9 327 217 388 2.0 
4.0 4.7 0.328 4 6 352 261 467 3.0 
4.3 0 0. 390 4 21 362 516 432 4.8 
4.4 3.5 0. 379 4 4 353 247 473 5.7 
1.4 4.2 0.131 1 15 152 427 351 7.2 
1.6 0 0.119 6 31 109 154 154 5.4 
2.0 3.5 0.159 3 19 160 1247 1633 59.0 
2.8 3.5 0.297 6 27 303 454 502 124.0 
3.4 0 0.226 12 9 160 628 366 0.3 
8.4 0 0.613 8 21 711 804 646 1.8 
8.4 0 0.761 20 80 1196 767 892 1.9 
33 
Table 2. (Continued) 
Soil Exchangeable bases Mois-
no. CEC Na K Ca Mg Clay Sand ture 
-cmol( + )/kg soil %-
Iowa soils 
1. 15.6 0.1 0.6 1.6 . 16 7 3 
2. 10.5 0.0 0.4 6.1 1.4 14 53 11 
3. 17. 0.0 0.4 10.1 2,6 24 4 6 
4. 14.0 0.0 0. 3 8.9 1.1 17 33 12 
5. 17.8 0.1 0.4 - 6.3 18 4 23 
6. 18.6 0.1 0.5 9.2 1.9 23 5 8 
7. 19.5 0.0 0.5 15.0 2.6 16 33 29 
8. 25.9 0.0 1.0 10.0 3.9 23 31 27 
9. 35.0 0.0 0.5 — 1.2 28 4 23 
10. 25.8 0.0 1.5 16.2 2.1 21 40 28 
11. 34.8 0.1 0.4 - 1.9 29 27 32 
12. 36.1 0.0 1.2 27.9 3.5 26 30 24 
13. 40.0 0.0 0.5 - 1.5 32 21 33 
Chilean soils 
14. 15.1 0.3 0.4 1.8 18 40 9 
15. 9.3 0.1 0.1 5.9 2.1 14 64 1 
16. 18.4 0.6 0.8 - 2.1 28 23 19 
17. 40.4 1.8 0.7 - 5.7 40 16 24 
18. 28.2 0.2 0.3 10.8 2.1 42 22 16 
19. 39.6 0.1 1.1 10.7 1.4 17 20 18 
20. 52.4 0.1 1.5 9.7 1.7 31 17 50 
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modified by Chae and Tabatabai (1981), Total S was deter­
mined by using the NaOBr oxidation method and organic S and 
inorganic SO^-S (0.1 M LiCl extractable) as described by 
Tabatabai (1982a). Cation exchange capacity was determined 
by the method of Chapman (1965) using 1 N neutral NH^OAc and 
exchangeable K as described by Pratt (1965). Exchangeable 
Ca and Mg were determined as described by Heald (1965). 
Particle-size distribution was determined by the pipette 
method of Kilmer and Alexander (1949). All results 
reported are on a moisture-free basis, moisture being deter­
mined from loss in weight after drying at 105®C for 24 h. 
Greenhouse Experiments 
In November 1984, two greenhouse experiments were carried 
out. One experiment involved uptake of N by corn (Zea mays) 
and the other by ryegrass (Lolium multiflorum Lam). The 
experimental design was a completely randomized block design 
including 20 treatments (20 soils) and 3 replications. 
Plastic pots (10.5 cm upper diameter, 8 cm lower diame­
ter, 7.5 cm in depth, and 473 ml capacity) were used for the 
greenhouse experiments. Each pot contained 500 g of soil 
(on an oven-dry basis). Before potting, the soils were 
treated with macro- and micronutrients, except N (Table 3). 
The amounts of nutrients applied to the soil in each pot were 
equivalent to those used by Cantarella (1981). The rates of 
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Table 3, Sources and amounts of nutrients 
before planting 








pa Ca(H2P04)2*H20 406.5^ 
Mg MgS04'7H20 23.7 
Mn MnCl2*4H20 6. 6 
Zn ZnSO^•7H2O 
00 00 
Cu CuSO.•SH-O 2.6 
S^ s./- -
Na2B^O^'lOH20 2.06 
Fe FeCl2*4H20 8. 31 
was supplied as a solid. All others were applied 
as a solution. 
^1.7 g/pot in Chilean soils (Schenkel and Baherle, 
1971). 
"^Sulfate was included in the compounds containing Mg, 
Zn, K, and Cu. 
'^Applied only to Chilean soils (Schenkel and Baherle, 
1971). 
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nutrients applied were much higher than those normally used 
for crops grown under field conditions (Terman, 1974; Terman 
and Mortvedt, 1978). 
All the nutrients used were reagent-grade chemicals and 
were applied on an individual pot basis. The soil sample of 
each pot was mixed with Ca(H2P0^)•H2O on a sheet of plastic 
and 15 ml of the nutrient solution (Table 3) were added 
dropwise to the soil and thoroughly mixed before potting. 
A small portion of the untreated soil was set aside to cover 
the soil in the pot with a 1-cm layer to serve as a seed bed. 
In the experiment with corn, 6 seeds of corn (Var. L. 
B73 X Missouri 17) were germinated in each pot and thinned 
to 5 seedlings per pot. In the experiment with ryegrass, 
1 g of ryegrass seeds was planted in each pot. 
The pots were watered by the weighing method. Suffi­
cient deionized water was added daily to keep the soil mois­
ture at 2/3 of 0.03 MPa (predetermined). The temperature in 
the greenhouse fluctuated between 14 and 25"C during the 
entire growing period and the lights were turned on for 14 h 
a day. 
In the experiment with corn, the plants were cut at the 
crown level after 40 days. The soil was unpotted, the roots 
were carefully removed by hand from the moist soil, washed 
with deionized water and dried at 65®C for 48 h. The moist 
soil was treated with 33 mg K/pot (as KgSO^) in 20 ml 
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solution and repotted. Again, 6 seeds were planted and, 
after germination, thinned to 5 plants. The plants were har­
vested after 40 days and the roots were carefully removed and 
dried as described. Each pot was planted with corn at 40-day 
intervals for a total of 3 successive croppings. 
In the experiment with ryegrass, the plants were cut at 
about 2.5 cm from the soil surface every 30 days for a total 
of 3 cuttings. After each cutting, an additional nutrient 
solution (20 ml) containing 33 mg K/pot (as ^ 280^) was added. 
The dry matter yield of corn and ryegrass tops and of 
corn roots were determined by weighing after drying at 65°C 
for 48 h. The plant materials were ground to pass a 40-mesh 
sieve for total N determination. 
Plant Analysis 
The ground plant materials were dried at 65°C for at 
least 24 h before total N determination. The total N in the 
plant material was determined by the method of Nelson and 
Sommers (1973). This method allows quantitative recovery of 
total N, including NOg. This analysis was performed in dup­
licate, including a standard plant sample. Nitrogen yield was 
calculated from the dry matter yield and the percentage of N 
in the plant material analyzed. 
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PART I. INDEXES OF PLANT AVAILABLE ORGANIC 
NITROGEN IN SOILS 
39 
INTRODUCTION 
Many chemical and biological methods have been proposed 
to assess N availability in soils. It has been recognized 
that measurement of the N mineralized in incubated soil 
samples is a reliable test to estimate soil N supply. The 
use of chemical procedures in extraction of a portion of the 
soil organic. N that contain the mineralizable N has been 
under investigation for more than two decades. Most of the 
work, however, involved correlations among the values ob­
tained by chemical or biological methods, and relatively 
little work is available on the relationship between the 
values obtained by these methods and dry matter yield and N 
yield of plants. Although the determination of the N supply 
by chemical methods is empirical in nature, such methods can 
be adequately used if their results correlate with dry matter 
yield and N yield. Unlike the biological methods, the chemi­
cal methods are simple, rapid, and, in general, not affected 
by sample handling and storage. 
The objective of this part was to study the relation­
ships between the available N as determined by biological 
and chemical methods and plant uptake of organic N in se­
lected Iowa and Chilean soils. 
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DESCRIPTION OF METHODS 
The methods and procedures used for estimation of the 
biological and chemical indexes of available organic N in 
the soil studied are summarized in Tables 4 and 5. With 
the exception of organic C and total N, which were done on 
<100 mesh air-dried soil samples, all determinations were 
done on field-moist soil samples (<6 mm). All incubations 
were carried out in duplicate. The analyses reported are 
averages of duplicate determinations and are expressed on a 
moisture-free basis, moisture being determined from loss in 
weight after drying at 105*0 for 36 hours. 
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Table 4. Biological indexes used for estimating plant 
available N in soils 
Description of method Reference 
Aerobic incubation of 10 g field-moist 
soil + 30 g of 30-60 mesh white_sand 
for 14 days at 30®C and (NH4+NO2+NO3)-
N determination by steam distillation 
Aerobic incubation of a mixture of 20 g 
of soil and 20 g of glass beads for 2-14 
weeks at 20 or 30°C and leaching with 
100 ml 5 ITM CaCl2 for NO3-N determination 
Anaerobic incubation for 7 or 14 days 
of 5 g field-moist soil and 12.5 ml 
H2O at 30®C and NH^-N determination 









No NH^ or NO2 could be detected in the leachates; 
NO3-N in the leachate was determined by ion chromatography 
(Dick and Tabatabai, 1979). 
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Table 5. Chemical indexes used for estimating plant avail­
able N in soils 
Measurement Description of method Reference 
Organic C Digestion and oxidation of a 
soil sample with concentrated 
H2SO4 and 0.5 N Y.2'^^2^1' ti­




Total N Semimicro-Kjeldahl method. Bremner 
(1965b) 
NH^-N Heating in a block digestor 
4 g of soil for 2-20 h with 40 
ml 2 M KCl at lOQoc. Steam 




NH^-N Heating 10 g of soil in an 
autoclave at 121®C with 25 
ml 0.01 M CaCl2 for 16 h. 
Centrifugation at 10,000 rpm 
and steam distillation with 
10 M NaOH. 
Stanford and 
Demar (1970) 
NH^-N Digesting 1 g of soil for 24 
h with 65 ml 6 M HCl. Centri­
fugation at 10,000 rpm and 
steam distillation with 10 M 
NaOH. 
Sowden et al. 
(1976) 
NH^-N Heating 5 g of soil for 2 h at Nommik (1976) 
100®C with 25 ml 0.64 M H3PO4 
and 1 M Na^CrO^. Centrifugation 
at 10,000 rpm and steam distil­
lation with 10 M NaOH. 
NH^-N Shaking 1 g of soil with 25 ml 
0.1 N KMn04 in 1 N H2SO4. Cen­
trifugation at 10,000 rpm and 




NH^-N Steam distillation of 
1 g of soil with 5 ml 0.32% 





Table 5. (Continued) 
Measurement Description of method Reference 
Absorbance Shaking 5 g of soil with 100 
ml 0.01 M NaHCOg for 15 min. 
Filtering and measuring the 




Absorbance Shaking 5 g of soil with 100 
ml 0.5 M NaHCOg ( pH 8.5) for 
15 min. Filtering and mea­




NH^-N Steam distillation of 1 g of 
soil with 20 ml 1 M LiOH. 
Present in­
vestigation 
NH^-N Steam distillation of 1 g of 
soil with 20 ml 0.1 M LiOH. 
NH^-N Steam distillation of 1 g of 
soil with 20 ml 1 M NaOH. 
NH^-N Steam distillation of 1 g of 
soil with 10 ml 0.5 M NaOH. 
NH^-N Steam distillation of 1 g of 
soil with 20 ml 0.1 M NaOH. 
NH^-N Steam distillation of 1 g of 
soil with 20 ml 1 M KOH. 
NH^-N Steam distillation of 1 g of 




Steam distillation of 1 g of 
soil with 20 ml 0.1 M Na4P20-7. 
Steam distillation of 1 g of 
soil with 20 ml mixture of 
0.26 M Na3P04 + 0.066 M 
NagB^Oy (pH = 11.8). 
Steam distillation of 1 g of 
soil with 20 ml 0.26 M Na^PO^. 
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Table 5. (Continued) 







Steam distillation of 1 g of 
soil with 20 ml 0,066 M 
NagB^O? (pH = 11.5) 
Steam distillation of 1 g of 
soil with 20 ml of a mixture 
of 0.26 M Na3P04 + 0.066 M 
(pH = 11.2). 
Steam distillation of 1 g of 
soil with 20 ml 2 M Na^CO^ 
Steam distillation of 1 g of 
soil with 20 ml 4 M K2CO2 
Steam distillation of 1 g of 
soil with 20 ml 5 nM Ca(0H)2 
Steam distillation of 1 g of 




RESULTS AND DISCUSSION 
Dry Matter Yield and N Yield of Corn and Ryegrass 
The cumulative dry matter yields of corn tops produced 
in three croppings of corn grown on each of the 20 soils 
studied are shown in Figure 3. The cumulative dry matter 
yields of corn tops produced on 13 Iowa soils ranged from 
1.7 to 2.75 g/pot. The corresponding dry matter yield on the 
7 Chilean soils ranged from 2.3 to 5.6 g/pot. The Osorno 
soil from Chile (soil no. 20) contained 20 |j.g of NH^-N/g of 
soil and 80 jag of NO^-N/g of soil (Table 2) and this is re­
flected in the relatively higher dry matter yield in the 
first cropping of corn relative to those produced on the other 
soils studied. In general, dry matter yield of corn de­
creased with successive cropping. 
The yields of N of corn tops produced on soils are shown 
in Figure 4. The cumulative N yields of the three croppings 
of corn ranged from 23 to 39 mg N/pot in Iowa soils, and 
from 36 to 82 mg N/pot in the Chilean soils. As was the 
case with dry matter yields, the N yields decreased with 
successive cropping. 
The cumulative dry matter yields of corn roots produced 
on the soils are shown in Figure 5. The values for Iowa 
soils ranged from 2.4 to 3.8 g/pot. The corresponding values 
for the Chilean soils ranged from 3.4 to 6.0 g/pot. In 
Figure 3. Dry matter yields of corn tops produced in three croppings of corn 
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Figure 4. Nitrogen yields of corn tops produced in three croppings of 



















17 Agua del Gato 
18 Collipulli 





IE] 3rd Cropping 
^ 2nd Cropping 
01st Cropping 
0 1 2 3 4 5 6 7 8 9 10 11 
SOILS 
12 13 14 15 16 17 18 19 20 
Figure 5. Dry matter yields of corn roots produced in three croppings of 

















i i I 1 





17 Agua del Gato 
18 Collipulli 






E3 3rd Cropping 
E3 2nd Cropping 




8 9 10 11 12 13 14 15 16 17 18 19 20 
SOILS 
52 
general, the cumulative dry matter yields of roots produced 
in three croppings of corn were greater than those of the 
corn tops (Fig. 3 and 5). 
The cumulative yields of N of corn roots produced in 
the soils are shown in Figure 6. The N yields of the corn 
roots ranged from 30 to 44 mg N/pot for the Iowa soils. The 
corresponding values for the Chilean soils were from 35 to 
64 mg N/pot. The N yields of the corn roots were, in gen­
eral, greater than those of the corn tops. 
The cumulative dry matter yields and N yields of three 
cuttings of ryegrass produced on the soils are shown in 
Figures 7 and 8, respectively. The dry matter yields of rye­
grass produced on the Iowa soils ranged from 0.8 to 1.4 g/ 
pot. The corresponding values for the Chilean soils were 
from 1.25 to 2.75 g/pot. The cumulative N yields of the 
three cuttings of ryegrass produced on the soils ranged from 
14 to 30 and from 15 to 69 mg N/pot for the Iowa and Chilean 
soils, respectively. Both dry matter yields and N yields 
decreased with successive cutting (Fig. 7 and 8), and the 
values obtained for ryegrass were lower than those obtained 
for corn tops (Fig. 3 and 4). The dry matter yields of rye­
grass roots were not obtained, and it is not possible to 
compare the significance of N yields of ryegrass roots with 
those obtained for corn roots. 
The means of dry matter and N yields of tops and roots 
Figure 6. Nitrogen yields of corn roots produced in three croppings of corn 
grown on Iowa and Chilean soils 
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Figure 7. Dry matter yields produced in three cuttings of ryegrass grown 
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Figure 8. Nitrogen yields of three cuttings of ryegrass grown on Iowa and 
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and their top/root ratios of three croppings of corn grown 
on Iowa and Chilean soils are reported in Tables 6 and 7, 
respectively. In general, the dry matter yields of tops and 
roots and their ratios decreased with successive cropping. 
Similarly, the ratios of N yields of tops and roots de­
creased with successive cropping. Nitrogen mineralization 
in the soils used was not rapid enough to meet the crop's 
need, and N deficiency symptoms were increasingly observed 
with successive cropping with corn. This apparently re­
sulted in the lower top/root ratio in the third cropping 
as compared with that of the first cropping. 
Biological Methods 
The values obtained by the biological methods evaluated 
are reported in Table 8. The biological methods ranged from 
aerobic incubation of soil-sand mixture in a bottle for 2 
weeks to incubation of soil-glass beads mixtures in leaching 
columns at 20 or 30®C for times ranging from 2 weeks to 14 
weeks. The mineral N produced was removed by leaching with 
5 irM CaClg every 2 weeks. The other biological method evalu­
ated involved incubation under waterlogged conditions at 
30°C for 1 or 2 weeks. As expected, the amount of mineral N 
produced was dependent on the method used, the incubation 
temperature, and time of incubation. 
The simple correlation coefficients (r) for the rela-
60 
Table 6. Means of dry matter and N yields of tops and roots 
and their top/root ratios of corn grown on Iowa 
soils 
Dry matter yield^ N yield^ 
Soil Cropping Tops Roots Ratio Tops Roots Ratio 
-g/pot— -mg/pot— 
Ida 1 0.69 0.91 0.76 10.92 9.70 1.12 
2 0.75 1.08 0.69 9.41 12.54 0.75 
3 0.48 1.05 0.46 7.36 14.32 0. 51 
Hayden 1 0.79 0.93 0.85 10.89 9.63 1.13 
2 0.63 0.72 0.88 7.65 8.98 0.85 
3 0.42 0.87 0.48 6. 60 10. 86 0. 61 
Downs 1 0.74 0.90 0.82 9. 11 12.27 0.74 
2 0.57 0.72 0.79 7.61 9.77 0.79 
3 0.36 0.75 0.48 6.58 11.42 0.58 
Luther 1 0.81 1.06 0.76 11. 81 12.90 0.92 
2 0.57 0.77 0.74 7.94 10. 39 0.76 
3 0.37 0.85 0.44 6.42 10.73 0.60 
Fayette 1 1.30 1. 33 0.98 16.43 13.59 1.21 
2 0.96 1.04 0.92 11.57 10.37 1.11 
3 0.49 0.92 0.53 9. 37 12.43 0.75 
Tama 1 1.23 1.39 0. 88 19.52 19.05 1.02 
2 0.48 0.70 0.69 8.61 11.08 0.78 
3 0.48 0. 80 0.60 7.82 11.65 0.67 
Lester 1 1.12 1.54 0.72 16.74 16.40 1.02 
2 0.82 1.23 0.67 10. 85 13.23 0.82 
3 0.68 1.04 0.65 10. 81 12.00 0.90 
Clarion 1 1.10 1.44 0.76 14.74 16. 20 0.91 
2 0.74 1.01 0.73 8. 88 12.11 0.73 
3 0.53 1.03 0.52 9.19 12.55 0.73 
Muscatine 1 0.80 1.17 0.68 12. 32 13.79 0.89 
2 0.65 1.14 0.57 9.07 14.30 0.63 
3 0.44 1.07 0.41 8.78 16.36 0.54 
^eans of 3 replications. 
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Table 6. (Continued) 
Dry matter yield^ N yield^ 
Soil Cropping Tops Roots Ratio Tops Roots Ratio 
/ 
—g pot— 
Nicollet 1 1.15 1.30 0.89 15.49 14.77 1.05 
2 0.92 1.22 0.75 11.73 11.65 1.00 
3 0.69 1.02 0.68 10.37 12.94 0.80 
Harps 1 0.93 1.29 0.72 13.12 13.08 1.01 
2 0.58 0.71 0.82 8.00 8.06 1.00 
3 0.57 0.87 0.66 8.72 9.62 0.91 
Okoboji 1 1.19 1.04 1.14 15.46 10.44 1.48 
2 0.64 0.83 0.77 9.10 11.06 0.82 
3 0.54 0.92 0.59 9.58 13.12 0.73 
Canisteo 1 0.88 1.05 0.84 10. 85 10.84 1.00 
2 0.64 0.91 0.70 8.94 11.16 0. 80 
3 0.52 0.99 0.52 8.69 13. 82 0.63 
tionships between the values obtained by the biological 
methods (Table 8) and dry matter or N yield of corn tops and 
roots are reported in Table 9. In general, the dry matter 
or N yield of corn tops and roots were significantly corre­
lated with each of the 7 biological indexes studied. The 
amounts of mineral N produced in 14 days at 300C under 
aerobic or waterlogged conditions showed the highest corre­
lation coefficients with corn dry matter or N yield (Table 
9), This was especially true when corn tops + roots were 
considered (Fig. 9 and 10). 
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Table 7, Means of dry matter and N yields of tops and roots 
and their top/root ratios of corn grown on Chilean 
soils 
Dry matter yield^ N yield^ 
Soil Cropping Tops Roots Ratio Tops Roots Ratio 
, 
-g/pot-
Alhue 1 1.44 1.57 0.92 19.69 16.00 1.23 
2 1.11 1.03 1.08 13.70 10.55 1.29 
3 0.61 0.93 0.66 9.91 9.69 1.03 
Constitucion 1 1.51 1.55 0.97 25.91 17.83 1.45 
2 1.02 0.97 1.05 14.78 11.42 1.29 
3 0.53 0.93 0.57 10.69 11. 38 0.94 
Maipo 1 1.29 1. 37 0.94 17.60 15.08 1.17 
2 1.03 1.16 0.89 12.14 10.28 1.18 
3 0.61 0.89 0.69 9.73 9.25 1.05 
Agua del 1 1.16 1.42 0.82 20.58 18.66 1.10 
Gato 2 0.82 1.05 0.78 11.19 12.33 0.91 
3 0.53 0.93 0.57 9.14 11.78 0.77 
Collipulli 1 0.95 1.41 0.67 15.86 16.06 0.99 
2 0.84 1.24 0.68 9.40 13.49 0.70 
3 0.55 0.98 0.56 10.67 14.06 0.76 
Santa 1 2.27 2.44 0.93 29.53 25.06 1.18 
Barbara 2 1.19 1.56 0.76 14.32 15. 31 0.94 
3 0.83 1. 58 0.53 13.11 16.95 0.77 
Osorno 1 3.35 3.29 1.02 51.26 37.94 1.35 
2 1.34 1.25 1.07 15.77 11.02 1.43 
3 0.93 1.43 0.65 14.55 15.20 0.96 
^eans of 3 replications. 
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Table 8. Values obtained by biological methods 
Biological index 
Aerobic^ Waterlogged^ 
Soil A B C D E F G 
\ig IN/g 
Iowa soils 
Ida 5.2 4.3 4.8 15.9 26. 0 15.2 21.7 
Hayden 11.0 10.4 13.0 49.4 82. 8 1.6 3.7 
Downs 20.0 17.0 24.1 56. 3 110. 8 9.9 11.4 
Luther 14.7 12.6 10.0 55.3 89. 0 1.4 5.5 
Fayette 21.9 12.0 15.9 53.0 109. 9 5.1 10.1 
Tama 17.3 18.5 23.2 87.0 194. 0 11.9 30.8 
Lester 18.2 15.7 21.5 65.0 166. 9 6.1 15.0 
Clarion 12.1 12.8 13.0 40.8 140. 1 9.7 13.1 
Muscatine 13.0 17.0 14.5 56.8 129. 0 3.9 4.7 
Nicollet 21.8 17.0 15.5 75.1 160. 5 8.3 13.9 
Harps 10.1 10.4 9.1 26.4 75. 2 4.6 6.9 
Okoboji 23.7 19.6 20.7 91.4 161. 0 7.8 14.0 
Canisteo 12.4 11.1 8.6 44.5 102. 6 7.2 8.6 
Chilean soils 
Alhue 13.9 13.9 12.0 42.7 64. 3 4.1 7.6 
Constitucion 22.1 5.2 28.8 47.0 104. 3 15.2 22.6 
Maipo 16.2 14.6 16.8 62.5 110. 2 6.1 11.9 
Aquo del 
Gato 17.9 20.2 15.0 48.8 78. 9 8.9 10.8 
Collipulli 30.1 23.0 32.0 56.9 127. 7 21.7 28.6 
Santa 
Barbara 28.1 27.2 42.8 72.5 201. 0 64.2 78.6 
Osorno 58.1 27.6 60.5 , 104. 8 235. 7 32.0 56.1 
h, inorganic N (NH^ + NO3 + NO2) produced in soils in­
cubated under aerobic conditions at 30°C for 14 days; B, 
NO3-N produced in leaching columns incubated under aerobic 
conditions at 20®C for 14 days; C, same as in B but incubated 
at 30®C; D, same as in B but the soil columns were leached 
with 5 nM CaCl2 every 2 weeks for a total of 14 weeks; E, 
same as in C but the soil columns were leached with 5 nM 
CaCl2 every 2 weeks for a total of 14 weeks. 
^F, NH4-N produced in soils incubated under waterlogged 
conditions at 30°C for 7 days; G, same as in F but the soil 
was incubated for 14 days. 
Table 9. Simple correlation coefficients (r) for the re­
lationships between biological indexes of plant 
available organic N and dry matter or N yield 
of corn 
Dry matter yield (q/pot) 
Biological 
index^ 









A 0. 86 0.65 0.68 0.83 0.74 0.79 
B 0.60 0.38 0.58 0. 58 0.64 0.56 
C 0.87 0.65 0.70 0.83 0. 80 0.78 
D 0.62 0.28 0.49 0.55 0.47 0.49 
E 0.67 0.33 0.64 0.62 0.64 0.60 
F 0.66 0.58 0.66 0.68 0.79 0.68 
G 0.77 0.60 0.73 0.76 0. 83 0.75 
^The indexes are described in footnotes a and b of 
Table 8. 
^r-values between 0.44-0.55 are significant at 5% 
level, r-values between 0.56-0.67 are significant at 1% 
level, and r-values >0.68 are significant at 0.1% level. 
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1-3 1 2 3 
0.86 0.21 0.76 0.78 0.78 0.81 
0.56 0.09 0.60 0.51 0.72 0.61 
0.87 0.25 0.78 0.80 0.85 0. 85 
0.58 0.02 0.51 0.49 0.56 0.54 
0.63 0.28 0.65 0.62 0.73 0.69 
0.61 0.27 0.67 0.61 0.78 0.70 
0.73 0.27 0.72 0.70 0. 84 0.79 
Figure 9. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and inorganic N produced in soils 
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Figure 10. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and inorganic N produced in soil 
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Among the biological methods studied, the amounts of 
mineral N produced on incubation of soils under aerobic con­
ditions at 30®C for 14 days were the most significantly cor­
related with dry matter or N yield of ryegrass (Table 10). 
The relationships between the amounts of mineral N produced 
by these methods and dry matter or N yield of three cuttings 
of ryegrass are shown in Figures 11 and 12. High correla­
tion coefficients between these biological indexes and the 
same plant indexes were also reported by Keeney and Bremner 
(1966) and Hanway and Ozus (1966). The correlation coeffi­
cients of the linear relationships between the amounts of 
NH^-N produced under waterlogged conditions and dry matter or 
N yield of ryegrass were lower than those obtained with the 
mineral N produced under aerobic conditions (Table 10). 
Baerug et al. (1973) have also reported lower correlation 
coefficients for the anaerobic incubation (14 days at 300C) 
than the aerobic incubation methods when these indexes were 
correlated with N uptake by ryegrass grown under greenhouse 
conditions. 
Chemical Methods 
The values obtained by the chemical methods evaluated 
are reported in Table 11. The chemical methods studied in­
cluded heat hydrolysis in the presence of 2 M KCl, autoclav-
ing in the presence of 0.01 M CaCl2, hydrolysis with 6 M HCl, 
Table 10. Simple correlation coefficients (r) for the relationships between 
biological indexes of plant available organic N and dry matter or 
N yield of ryegrass 
Biological 
index 
Dry matter yield (q/pot) 
Cutting number Total 
1-3 
N yield (mq/pot) 
Cuttinq number Total 
1-3 
A 0.82 0.76 0.35 0.81 0.88 0.80 0.32 0.87 
B 0.58 0.31 0.09 0.47 0.59 0.37 0.14 0.53 
C 0.84 0.69 0.26 0.79 0.91 0.78 0.27 0.87 
D 0.57 0.47 0.34 0.55 0.59 0.53 0.19 0.58 
E 0.63 0.41 0.37 0.56 0.63 0.46 0.11 0.57 
F 0.60 0.28 -0.09 0.61 0.61 0.37 0.03 0.53 
G 0.72 0.42 0.07 0.59 0.73 0.50 0.12 0.66 
^The indexes are described in footnotes a and b of Table 8. 
^r-values between 0.44-0.55 are significant at 5% level, r-values between 
0.56-0.67 are significant at 1% level, 4-values >0.68 are significant at 0.1% 
level. 
Figure 11. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and inorganic N produced in soils incubated under aerobic 
conditions at 30°C for 14 days 
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Figure 12. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and inorganic N produced in soil columns incubated under 
aerobic conditions at 30°C for 14 days « 
• Iowa Soils 
O Chilean Soils 
# o 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 
INORGANIC N PRODUCED ON INCUBATION (p.g/g soil) 
Table 11. Values obtained by chemical methods 
Chemical Index 
Soil 2 h 6 h 20 h autoclave 
p,g N/g soil 
Iowa soils 
Ida 2.3 5.1 7.0 20.2 
Hayden 2.3 4.7 4.6 31. 3 
Downs 3.6 6.9 10.3 35.7 
Luther 2.9 5.9 6.4 36.9 
F ayette 5.4 10.7 15.6 73.5 
Tama 5.6 9.7 11.5 79. 3 
Lester 6.8 14.3 20.1 109 
Clarion 5.0 9.5 18.5 118 
Muscatine 5.4 10.9 17.9 78.3 
Nicollet 6.8 14.3 17.6 119 
Harps 4.6 12.9 19.9 84.4 
Okoboji 7.4 11.3 16.8 95. 3 
Canisteo 7.2 14.2 24.2 101 
Chilean soils 
Alhue 2.3 4.2 9.5 35.3 
Constitucion 4.2 8.3 11.7 48.5 
Maipo 4.4 8.5 13.6 48.7 
Agua del Gato 2.5 6.8 15.2 58.3 
Collipulli 12.1 18.1 23.6 108 
Santa Barbara 12.3 16.5 38.7 256 
Osorno 15.8 28.1 66.8 530 
^Hydrolysis at 100°C for the time (hours) specified. 
^Absorbance at 260 nm. 
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hydrolysis with acid Na2CrO^, hydrolysis with acid or alka­
line KMnO^, and extraction of organic N with NaHOO^. The 
values obtained varied considerably among the methods 
evaluated. 
The simple correlation coefficients (r) for the rela­
tionships between the values obtained by the chemical methods 
(Table 10) and dry matter or N yields of corn tops and roots 
are reported in Table 12. Organic C and total N were sig­
nificantly correlated with dry matter or N yields of corn 
(Fig. 13 and 14). Among the methods evaluated, the values 
obtained by heat hydrolysis with 2 M KCl for 20 hours, hy­
drolysis by autoclaving in the presence of 0.01 M CaCl2, and 
hydrolysis with acid NagCrO^ showed the highest correlation 
coefficients for the relationships between these indexes and 
dry matter or N yield of corn tops, corn roots, or total 
tops + roots (Table 12). The relationships between dry matter 
or N yield and the values obtained by heat hydrolysis with 
2 M KCl for 20 hours, autoclaving with 0.01 M CaCl2, and 
hydrolysis with acid NagCrO^ are shown in Figures 15, 16, and 
17, respectively. These relationships showed that Iowa and 
Chilean soils behaved similarly (one regression equation) 
when the values of heat hydrolysis with 2 M KCl (Fig. 15) 
and those of autoclaving with CaClg (Fig. 16) were considered. 
Two regression lines were obtained (one for each of the Iowa 
and Chilean soils) for the relationships between dry matter 
Table 12. Simple correlation coefficients (r) for the rela­
tionships between chemical indexes of plant 
available organic N and dry matter or N yield of 
corn 
Dry matter yield (g/pot) 
Chemical 
index 





Organic C 0. 73 0.49 0.83 0. 72 0. 82 
Total N 0. 78 0.50 0.83 0. 76 0. 80 
2 M KCl-hydrolysis 
2 h 0. 71 0.52 0.74 0. 71 0. 79 
6 h 0. 69 0.47 0.76 0. 68 0. 75 
20 h 0. 85 0.62 0.84 0. 84 0. 87 
CaClg autoclave 0. 85 0.62 0.83 0. 86 0. 87 
6 M HCl-hydrolysis 0. 76 0.46 0.81 0. 73 0. 77 
Acid NagCrO^ 0. 88 0.60 0.85 0. 86 0. 88 
Acid KMnO^ 0. 68 0. 59 0.60 0. 68 0. 67 
Alkaline KMnO^ 0. 33 0.02 0.38 0. 28 0. 30 
0.01 M NaHCOg 0. 33 0.07 0.13 0. 25 0. 13 
0.5 M NaHCO^ 0. 36 0.38 0.39 0. 39 0. 33 
^r-values between 0.44-0,55 are significant at 5% 
level, r-values between 0.56-0.67 are significant at 1% 
level, and r-values >0.68 are significant at 0.1% level. 
80 
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Figure 13. Relationship between dry matter yield or N 
yield of corn tops or roots produced in three 
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Figure 14. Relationship between dry matter yield or N 
yield of corn tops or roots produced in three 
croppings and total N in soils 
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Figure 15. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH^-N produced in soils on 
hydrolysis with 2 M KCl at lOQoc for 20 hours 
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Figure 16. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH^-N produced on autoclaving 
soils for 16 hours in the presence of 0.01 M CaClg 
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or N yields and the values obtained for hydrolysis by acid 
NagCrO^. The values obtained by this method were signifi­
cantly correlated with dry matter yield of corn tops + roots 
(r = 0.97***) and N yield (r = 0.96***) obtained for the 
Chilean soils (Fig. 17), The values obtained by this method 
were not significantly correlated with the dry matter yield 
obtained for corn grown on the Iowa soils, but they were 
significantly correlated at P < 0.05 when the N yields were 
considered (r = 0.60*). The correlation coefficients of the 
relationships between the values obtained by the other 
chemical methods evaluated and dry matter or N yields of 
corn tops + roots produced on the Iowa and Chilean soils are 
reported in Table 12. 
The simple correlation coefficients for the linear rela­
tionships between the values obtained by the chemical methods 
and dry matter or N yields of ryegrass are reported in Table 
13. In general, these r values were lower than those ob­
tained for the corresponding relationships with corn tops + 
roots (Table 12). The relationships between dry matter or 
N yields of three cuttings of ryegrass and the values obtained 
for heat hydrolysis with 2 M KCl for 20 hours, autoclaving 
with 0.01 M CaCl2, and hydrolysis with acid Na2CrO^ are shown 
in Figures 18, 19, and 20, respectively. The values obtained 
by these methods were significantly correlated (P < 0.001) 
with dry matter or N yields of the three cuttings of ryegrass 
Figure 17. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH4-N produced in soils on 
hydrolysis with boiling acid Na2Cr04 for 2 hours; the upper regres­
sion lines are for the Chilean soils, the lower regression lines 
are for the Iowa soils, and the middle regression lines are for the 
Iowa and Chilean soils 
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Table 13. Simple correlation coefficients (r) for the relationships between 
chemical indexes of plant available organic N and dry matter or N 
yields of ryegrass 
Chemical 
index 
Dry matter yield (g/pot) 
Cutting number Total 
1-3 
N yield (mq/pot) 
Cutting number Total 
1-3 
Organic C 0. 67 0. 36 0. 33 0. 57 0. 62 0. 36 0. 12 0. 55 
Total N 0. 71 0. 43 0. 43 0. 63 0. 68 0. 44 0. 18 0. 61 
2 M KCl-hydrolysis 
2 h 0. 67 0. 44 0. 24 0. 59 0. 67 0. 46 0. 11 0. 60 
6 h 0. 66 0. 47 0. 40 0. 61 0. 66 0. 46 0. 11 0. 59 
20 h 0. 81 0. 58 0. 45 0. 74 0. 80 0. 58 0. 26 0. 75 
CaClg autoclave 0. ,84 0. ,64 0. ,46 0. ,78 0. ,84 0. 63 0. ,30 0. ,80  
6 M HCl-hydrolysis 0. ,69 0. 43 0. ,48 0. ,62 0. ,66 0. 42 0. ,21 0. ,60 
Acid Na2CrO^ 0. ,82 0, .57 0. ,39 0, ,74 0. 81 0. 57 0. ,26 0. 75 
Acid KMnO^ 0. ,67 0, .44 0, .29 0. 59 0. 65 0. ,45 0. ,21 0. 60 
Alkaline KMnO^ 0, .26 0, .17 0, .55 0, .27 0, .23 0. ,15 0. 10 0. 22 
0.01 M NaHCO^ 0, .37 0 .44 0, .22 0, .41 0, .43 0. ,50 0, .03 0, .43 
0.5 M NaHCOg 0, .43 0 w
 00
 
0, .59 0, .46 0, 31 0. ,27 0, .42 0, .34 
^For degree of significance, see Table 12. 
Figure 18. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and NH4-N produced in soils on hydrolysis with 2 M KCl 
at 100°C for 20 hours 
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Figure 19. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and NH4-N produced on autoclaving soils for 16 hours in 
the presence of 0.01 M CaClg 
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Figure 20. Relationship between dry matter yield or N 
of ryegrass and NH^-N produced in soils on 
NaCrO^ for 20 hours 
yield of three cuttings 
hydrolysis with boiling 
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99 
produced on the Iowa and Chilean soils. Regression analysis 
showed that organic C and total N were not as significantly 
correlated with dry matter or N yields of ryegrass as with 
those of corn tops + roots produced on the same soils (Tables 
12 and 13). 
The significant correlation coefficients obtained for 
the linear relationships between the amounts of NH^-N pro­
duced on heat hydrolysis with 2 M KCl for 20 hours and dry 
matter or N yields of corn and ryegrass support the findings 
of (ZCien and Selmer-Olsen (1980), They reported a significant 
correlation coefficient (r = 0.84) for the relationship 
between the NH^-N produced by this method and N yield of oat 
plant grown under greenhouse conditions. Hadas et al. 
(1986) reported a significant correlation between the values 
obtained by this method and the total N of soils from Israel. 
Use of Alkali and Alkaline Reagents for 
Estimation of Available Nitrogen 
In addition to evaluation of the chemical methods re­
ported in Table U, a set of 16 alkali and alkaline reagents 
were evaluated in this work. These reagents were selected 
because they cause the release of NH^-N when they are steam 
distilled with soils. Unless otherwise specified, the 
amounts of NH^-N released by steam distillation of 1 g of 
soil (field-moist on an oven-dry basis) for 5 min with 20 ml 
of each reagent are reported. The values obtained for each 
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of the 16 reagents studied with the 20 Iowa and Chilean soils 
are shown in Table 14. In general, significant amounts of 
NH^-N were released from the soils by these reagents. 
The correlation coefficients of the linear relation­
ships between the dry matter or N yields of three croppings 
of corn and the amount of NH^-N released by each of the al­
kali and alkaline reagents are reported in Table 15. The 
highest r values were those obtained by using 1 M KOH, 1 M 
NaOH, 1 M LiOH, 4 M K2COand phosphate-borate buffer (pH = 
11.2 or 11.8). Among the reagents tested, the amount of 
NH^-N released by steam distillation with 5 itM Ca(0H)2 or 
Ba(0H)2 showed no significant relationship with dry matter 
or N yields of corn. Regression analysis showed that when 
the soils studied were grouped according to origin (Iowa 
or Chile), the amounts of NH^-N released from the Chilean 
soils by direct steam distillation for 5 min with 1 M NaOH 
were highly significantly correlated with dry matter yield 
(r = 0.95***) and N yields (r = 0.96***) of tops + roots of 
three croppings of corn (Fig. 21). This index was not sig­
nificantly correlated for the dry matter yields obtained 
with the Iowa soils, but were significantly correlated (p < 
0.05) with N yields. The soils could not be separated into 
two groups when the amounts of NH^-N released by steam dis­
tillation with 1 M KOH were considered. Figure 22 shows 
that the amounts of NH^-N produced on hydrolysis with 1 M 
Table 14. Values obtained with alkali and alkaline reagents 
Reagent^ 
Soil A BC D EF GH 
jig N/g soil 
Iowa soils 
Ida 33.9 9.0 26.1 10.6 5.3 31.8 0.8 3.3 
Hayden 47.7 18.8 50.6 33.5 15.1 44.9 6.5 8.2 
Downs 72.2 23.7 68.5 42.4 12.7 48.1 9.8 22.0 
Luther 59.2 18.0 63.7 25.3 6.9 56.3 2.5 9.8 
F ayette 179 32.6 105 61.2 29.0 99.6 17.1 10.6 
Tama 206 53.0 118 100 39.6 130 20.4 23.7 
Lester 164 44.9 167 113 39.6 149 24.5 29.0 
Clarion 187 38.4 202 131 51.8 198 32.6 16.3 
Muscatine 162 55.5 193 111 43.7 146 31.0 8.2 
Nicollet 187 53.9 181 70.2 19.2 168 11.4 9.0 
Harps 162 34.3 . 148 62.0 10.2 133 11.4 15.1 
Okoboji 181 48.1 173 113 36.3 153 25.3 10.6 
Canisteo 214 48.1 206 127 37.9 191 24.5 9.0 
Chilean soils 
Alhue 57.5 10.6 49.0 26.1 30.7 51.4 4.1 4.1 
Constitucion 60.0 23.7 73.4 35.9 16.7 68.5 13.9 16.3 
Maipo 61.6 13.1 62.8 25.3 2.9 57.9 4.1 2.4 
Agua del Gato 114 11.4 104.5 40.0 6.9 60.4 0.8 1.6 
Collipulli 145 44.1 146 53.0 32.2 133 19.6 15.5 
Santa Barbara 337 65.3 309 71.8 15.1 299 12.2 13.1 
0 sorno 457 82.4 531 190 31.4 500 28.6 26.1 
^A, 1 M LiOHj B, 0. 1 M LiOH Î C, 1 M NaOH; D, 0.5 M NaOH; E, 0.1 M NaOH f 
F, 1 M KOH: G, 0.1 M KOH J H, 0.1 M Na^PgO 7-
Table 14. (Continued) 
Reagent^ 




Ida 13.1 93.4 6.5 17.1 17.1 15.9 10.2 0.8 
Hayden 27.7 37.9 9.0 30.2 32.6 31.4 13.5 1.6 
Downs 42.4 56.7 16.3 41.6 27.7 30.6 20.0 5.7 
Luther 18.8 35.5 8.2 25. 3 22.8 24.9 12.6 3.3 
Fayette 35.9 60.8 9.8 36.7 43.2 52.6 25.7 4.1 
Tama 61.2 100.8 24.5 62.0 66.9 69.8 37.9 4.9 
Lester 57.1 19.2 17.1 53.9 70.2 75.5 29.0 1.6 
Clarion 74.2 118.7 23.7 70.2 75.9 92.6 30.6 0.8 
Muscatine 59.5 104.0 17.1 59.6 69.4 88.5 24.1 0.8 
Nicollet 53.0 104.9 18.0 57.1 59.6 77.1 26.5 1.6 
Harps 15.5 41.2 6.5 27.7 50.6 53.4 15.1 0.0 
Okoboji 55.5 87.7 13.9 54.7 67.7 79.5 30.6 2.4 
Canisteo 23.7 95.9 12.2 41.6 68.5 98.3 33.0 0.8 
Chilean soils 
Alhue 20.4 33.9 3.3 21.2 24.5 20.0 15.1 13.9 
Constitucion 28.5 38.8 15.5 37.5 35.9 32.2 24.1 6.5 
Maipo 11.4 29.8 6.5 18.8 10.6 29.8 11.0 0.8 
Agua del Gato 21.2 42.8 5.7 22.8 13.9 35.5 5.3 3.3 
Collipulli 46.5 84.5 24.5 49.0 35.1 81.2 18.4 6.5 
Santa Barbara 72.6 123.6 21.2 74.3 35.9 162.8 11.8 2.4 
Osorno 119.9 217.5 35.9 120.8 159.1 228.1 29.8 0.8 
^I, 0.26 M NagPO^ + 0.66 M Na^B^O? (pH = 11.8); J, 0.26 M Na3P04; K, 0.066 M 
Na2B407 (pH = 11.5); L, 0.26 M Na3P04 + 0.066 M Na2B407 (pH = 11.2); M, 2 M Na 
Na^COs; N, 4 M KgCO^; 0, 5 mM Ca(0H)2; P, 5 mM Ba(0H)2. 
Table 15. Simple correlation coefficients (r) for the rela­
tionships between the values obtained for alka­
line hydrolysis and dry matter or N yield of corn 
Dry matter yield (q/pot) 
Alkaline 
reagent 
Cropping number Total Total tops roots 
1-3 1-3 
1 M LiOH 0.76 0.47 0.82 0.74 0.81 
0.1 M LiOH 0.57 0.25 0.64 0.53 0.62 
1 M NaOH 0.79 0.50 0.80 0.76 0.81 
0.5 M NaOH 0.48 0.12 0.51 0.42 0.46 
0.1 M NaOH 0.04 -0.18 0.09 -0.01 0.11 
1 M KOH 0.81 0.51 0.81 0.78 0.82 
0.1 M KOH 0.23 -0.02 0.25 0.18 0.27 
0.1 M Na^PgO^ 0.46 0.13 0.21 0.37 0.31 
PBB, pH = 11.8^ 0.69 0. 38 0.63 0.64 0.69 
0.26 M NagPO. 0.63 0.35 0.57 0.59 0.64 
0.066 M Na^B.O^, 
pH = 11,5 
PBB, pH = 11.2^ 
2 M NagCOg 
4 M KgOOg 
5 mM Ca(0H)2 
5 mM Ba(0H)2 
0.58 0.28 0.51 0.53 0.59 
0.72 0. 39 0.66 0.66 0.71 
0.60 0.24 0.57 0.54 0.52 
0.78 0.49 0.78 0.75 0.82 
0.14 -0.13 0.14 0.09 0.04 
0.02 0.23 -0.11 0.05 -0.08 
^r-values between 0.44-0.55 are significant at 5% level, 
r-values between 0.56-0.67 are significant at 1% level, r-
values > 0.68 are significant at 0.1% level. 
^Phosphate-borate buffer (0.26 M Na^PO^ + 0.066 M 
NagB^O^). 
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N yield (mq/pot) 
Total Total 
cropping n-ber Jotal T^tal 
1 - 3  1 2  3  1 - 3  1 - 3  1 - 3  
0.73 0.72 0. 36 0.77 0.73 0.83 0.80 
0.55 0.54 0.16 0.64 0.52 0.72 0.62 
0.74 0.76 0.35 0.77 0.76 0.84 0. 82 
0.41 0.47 0. 34 0.50 0.51 0.57 0.55 
0.07 0.05 0.30 0.19 0.16 0.29 0.22 
0.75 0.78 0.39 0.78 0.78 0.84 0. 83 
0.22 0.22 0.35 0. 37 0.33 0.40 0. 37 
0.33 0.45 0. 24 0.28 0.44 0.49 0.49 
0.63 0.67 0.44 0.54 0.70 0. 80 0.77 
0.58 0.61 0. 35 0.54 0.62 0.76 0.70 
0.51 0.59 0.38 0.57 0.62 0.76 0.70 
0.65 0.70 0.41 0.57 0.72 0.82 0.79 
0.50 0.60 0. 30 0.54 0.60 0.60 0.62 
0.75 0.74 0. 34 0.77 0.74 0.86 0.82 
0.08 0.14 0.20 0.18 0.19 0.18 0.19 
0.01 0.03 0 -0.01 0.02 -0.13 -0.03 
Figure 21. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH4-N produced in soils on 
hydrolysis by steam distillation with 1 M NaOH for 5 minj the 
upper regression lines are for the Chilean soils, the lower re­
gression lines are for the Iowa soils, and the middle regression 
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Figure 22. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH4-N produced in soils on 
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KOH were significantly correlated with dry matter yields of 
three croppings of corn, tops + roots (r = 0.76***), and N 
yields of these materials (r = 0.83***). These results sup­
port the information available in the literature on the po­
tential use of alkali reagents in estimation of available 
organic N in soils. Cornfield (1960) used 1 M NaOH at room 
temperature (28®C) for estimation of the NH^ released from 
garden soils of England. He reported a significant correla­
tion between this index and the amount of mineral N produced 
by aerobic incubation of soils for 3 weeks. Cornforth and 
Walmsley (1971) used the procedure proposed by Cornfield 
(1960) and reported that the N uptake by corn under green­
house conditions was significantly correlated (r = 0.78**) 
with this index. Similar findings have been reported by 
Stanford (1978) using 52 representative soils of the United 
States. He reported significant correlation between the 
amounts of NH^-N released by direct steam distillation of 
1 g soil with 10 ml of various concentrations of NaOH for 4 
min and the amounts of mineral N produced during long-term 
aerobic incubation. 
Figure 23 shows the relationships between N yield of 
corn tops + roots produced in three croppings and NH^-N 
produced in soils on hydrolysis by steam distillation with 
phosphate-borate buffer (pH = 11.8) for 5 min. The left-
hand side of this figure shows the N yield including the 
Figure 23. Relationship between N yield of corn tops + roots produced in three 
croppings and NH4-N produced in soils on hydrolysis by steam dis­
tillation with phosphate-borate buffer (pH = 11.8) for 5 min; A, 
N yield includes the initial NO3-N in soils; B, the initial NO3-N 
in soils was subtracted from the N yield; the upper regression 
lines are for the Chilean soils, the lower regression lines are for 
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initial NO^-N in the soils. The right-hand side of the 
figure shows the relationships when the initial amounts of 
NOg-N in the soils were subtracted from the N yield. The 
relationships between the phosphate-borate index and N yield 
with and without the soil NO^ were studied because the soils 
were clustered according to the source and because two of 
Chilean soils contained high concentration of NO^-N. The 
N yield and the index obtained with phosphate-borate buffer 
were higher correlated for the Chilean soils than for Iowa 
soils (Fig. 23). The use of the phosphate-borate buffer is 
based on the procedure originally described by Tracey (1952) 
for determination of glucosamine in biological materials. 
The use of this buffer for determination of glucosamine in 
soils is described by Stevenson (1982). From the results 
reported in Figure 23, it appears that the Chilean soils 
contain significant amount of glucosamine and this form 
of N in soils is a major source of plant available organic N. 
The use of 4 M ^2^03 determination of available 
organic N in soil is shown in Figure 24. The dry matter and 
N yields of corn tops + roots were significantly correlated 
with the amount of NH^-N released by steam distillation of 
1 g of soil with 20 ml of 4 M K2CO2 for 5 min. Again, the 
two groups of soils used showed different distinct regres­
sion lines. 
The simple correlation coefficients for the linear 
Figure 24. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and NH4-N produced in soils on 
hydrolysis by steam distillation with 4 M K2CO3 for 5 minj the 
upper regression lines are for the Chilean soils, the lower regres­
sion lines are for the Iowa soils, and the middle lines are for the 
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relationships between the values obtained for the alkaline 
hydrolysis of N in soils and the dry matter or N yield of 
ryegrass are shown in Table 16, In general, the dry matter 
and N yields of the three cuttings of ryegrass were not as 
significantly correlated as those of corn tops + roots with 
the amount of NH4-N released by direct steam distillation of 
soils with the alkaline reagents studied. The values with 
two reagents (1 M NaOH or KOH), however, showed the highest 
r values for the linear relationship between this index and 
total N yield of ryegrass (Table 16). The linear relation­
ships between this index by using these reagents and the dry 
matter or N yield of ryegrass are shown in Figures 25 and 26. 
Statistical analysis showed that the values obtained 
with several of the chemical methods and the alkali and 
alkaline reagents were significantly correlated with the 
values obtained by the biological methods (Tables 17 and 18). 
Similarly, the values obtained by direct steam distillation 
of soil for 5 min with a number of the alkali and alkaline 
reagents studied were significantly correlated with those 
obtained by the traditional chemical methods (Table 19). 
The highest r values, however, were obtained by using 1 M 
LiOH, NaOH; or KOH. 
Table 16. Simple correlation coefficients (r) for the relationships between the 




Dry matter yield (cf/pot) 
Cutting number 
N yield (mq/pot) 
Total 
1-3 
Cutting number Total 
1-3 
1 M LiOH 0.70 0.41 0.43 0.61 0.67 0.41 0.17 0.60 
0.1 M LiOH 0.52 0.26 0.33 0.44 0.61 0.28 0.04 0.44 
1 M NaOH 0.74 0.50 0.47 0.67 0.72 0.49 0.21 0.66 
0.5 M NaOH 0.45 0.30 0.62 0.44 0.42 0.29 0.17 0.39 
0.1 M NaOH 0.06 -0.03 0.37 0.06 0.03 -0.05 -0.08 0 
1 M KOH 0.75 0.51 0.46 0.68 0.73 0.49 0.23 0.67 
0.1 M KOH 0.22 0.11 0.45 0.27 0.19 0.11 0.04 0.17 
0.1 M Na^PzO? 0.44 0.41 0.15 0.43 0.55 0.54 0.14 0.54 
PBB, pH = 11.8^ 0.64 0.44 0.38 0.58 0.65 0.49 0.21 0.61 
0.25 M Na^PO^ 0.53 0.37 0.29 0.49 0.56 0.38 0.14 0.51 
0.066 M Na?B.O^, 
pH = 11.5 0.57 0.44 0.28 0.53 0.61 0.50 0.08 0.57 
PBB, pH = 11.2^ 0.67 0.46 0.41 0.61 0.68 0.50 0.19 0.63 
2 M Na^COg 0.57 0.47 0.64 0.58 0.56 0.44 0.29 0.54 
4 M KgCO- 0.72 0.44 0.38 0.63 0.70 0.44 0.16 0.63 
5 itM Ca(0H)2 0.13 0.13 0.49 0.18 0.12 0.14 0.14 0.14 
5 nM Ba(OH)„ 0.10 0.20 -0.15 0.12 0.10 0.20 0.65 0.19 
^r-values between 0.44-0.55 are significant at 5% level, r-values between 
0.56-0.67 are significant at 1% level, r-values > 0.68 are significant at 0.1% 
level. 
^Phosphate-borate buffer (0.26 M Na^PO^ + 0.066 M Na^B^O^). 
Figure 25. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and NH4-N produced in soils on hydrolysis by steam 
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Figure 26. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and NH.-N produced on hydrolysis by steam distillation 
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Table 17. Matrix correlations for chemical and biological indexes of plant 
available N in soils 
Biological index^ 
hemical Aerobic Waterlogged 
index ABODE F G 
Correlation coefficient (r)^ 
Organic 0 0. 67 0. 73 0. 70 0. 55 0. 74 0. 72 0. 74 
Total N 0. 72 0. 71 0. 70 0. 57 0. 71 0. 66 0. 70 
2 M KOl-hydrolysis 
2 h 0. 83 0. 75 0. 84 0. 64 0. 78 0. 73 0. 78 
6 h 0. 80 0. ,65 0. ,76 0. ,59 0. ,75 0. ,54 0. ,62 
20 h 0. 84 0. 68 0. 82 0. 55 0. ,70 0. 64 0. ,72 
OaOl2 autoclave 0. 87 0. ,67 0. 84 0. 62 0. ,74 0. ,63 0. 73 
6 M HCl-hydrolysis 0. 73 0. ,70 0. ,68 0. ,60 0. ,74 0. ,56 0. ,63 
Acid NagOrO^ 0. ,84 0. ,73 0. ,84 0. ,63 0. ,77 0. ,70 0. ,78 
Acid KMnO^ 0. ,52 0. ,57 0. ,54 0. 29 0. 33 0. 61 0. 62 
Alkaline KMnO^ 0. 35 0, .33 0, .28 0, .52 0, .69 0. 02 0. 12 
0.01 M NaHOOg 
0.5 M NaHCO^ 
0. 39 0, .13 0, .44 0, .46 0, .50 0, .23 0, .34 




0, .64 0, .22 0, .21 -0, .07 -0, .02 
^The biological indexes are described in Table 8. 
^For degree of significance, see Table 16. 
Table 18. Matrix correlations for the values obtained with alkaline reagents and 







-Correlation coefficient (r) 
1 M LiOH 0.73 0.70 0.73 0.60 0.80 0.64 0.70 
0.1 M LiOH 0.64 0.66 0.66 0.70 0.88 0.52 0.60 
1 M NaOH 0.78 0.68 0.76 0.61 0.78 0.59 0.66 
0.5 M NaOH 0.51 0.47 0.47 0.57 0.74 0.20 0.31 
0.1 M NaOH 0.17 0.23 0.18 0.35 0.56 0.01 0.06 
1 M KOH 0.79 0.66 0.76 0.61 0.79 0.61 0.70 
0.1 M KOH 0.33 0.30 0.34 0.42 0.63 0.09 0.16 
0.1 M Na^PgO^ 0.62 0.42 0.70 0.60 0.70 0.36 0.48 
PBB, pH = 11.8^ 0.73 0.69 0.77 0.72 0.89 0.52 0.63 
0.26 M Na^PO^ 0.67 0.54 0.62 0.51 0.64 0.55 0.63 
0.066 M Na^B.O^, 
pH = 11.6 0.72 0.62 0.78 0.65 0.85 0.52 0.63 
PBB, pH = 11.2 0.76 0.67 0.79 0.72 0.90 0.54 0.65 
2 M NagCOg 0.63 0.42 0.56 0.59 0.72 0.19 0.34 
4 M KgGO^ 0.77 0.71 0.78 0.63 0.82 0.67 0.74 
5 nM Ca(0H)2 0.24 0.11 0.2o 0.48 0.60 0.09 0.04 
5 itM Ba(OH)- 0.03 0.01 0.04 -0.06 -0.20 -0.05 -0.05 
^The biological indexes are described in Table 8. 
^For degree of significance, see Table 16. 
^Phosphate-borate buffer (0.26 M Na^PO^ + 0.056 M Na^B^O^). 
Table 19. Matrix correlations for values obtained with al­
kaline reagents and other chemical indexes of 
plant available organic N in soils 
2 M KCl-hydrolysis 
Alkaline Organic Total 
reagent C N 2  h  6 h 20 h 
Correlation 
1 M LiOH 0.96 0.96 0.87 0. 89 0.94 
0.1 M LiOH 0.84 0.80 0.85 0. 86 0.79 
1 M NaOH 0.93 0.94 0.87 0.90 0.97 
0.5 M NaOH 0.70 0.73 0.65 0.73 0.72 
0.1 M NaOH 0.33 0.30 0.41 0.43 0.29 
1 M KO H 0.92 0.93 0.88 0.90 0.96 
0.1 M KOH 0.49 0.47 0.54 0.58 0.48 
0.1 M Na.PgO^ 4 2 7 
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0.066 M Na?B.0_, 











PBB, pH = 11.2 0.79 0.79 0.82 0. 81 0.83 
2 M NagCOg 
4 M KgOOg 
















5 mM Ba(0H)2 -0. 33 -0.34 -0.18 -0.30 -0.26 
^For degree of significance, see Table 16. 
^Phosphate-borate (0.26 M Na^PO^ + 0.066 M NagB^Oy). 
126 
CaClo 
auto- Acid Acid Alkaline 0.01 M 0.05 M 
clave 6 M HCl Na2Cr04 KMnO^ KMnO^ NaHCO^ NaHCO^ 
coefficients (r)^ 
0.93 0.98 0.95 0.54 0.68 0.21 0.22 
0.78 0. 85 0.81 0.28 0.75 0.36 0.08 
0.96 0.97 0.96 0.52 0.69 0.25 0.23 
0.71 0.81 0.70 0.21 0.90 0.24 0.24 
0.28 0.38 0.26 -0.16 0.75 0.25 0 
0.97 0.97 0.97 0.51 0.68 0.25 0.21 
0.45 0.54 0.43 -0.05 0.81 0.22 0.08 
0.52 0.38 0.50 0.02 0.49 0.68 -0.03 
0.83 0.78 0.82 0.23 0.74 0.42 0.03 
0.82 0. 82 0.82 0.38 0.64 0.32 -0.06 
0.75 0.67 0.74 0.19 0.65 0.54 -0.08 
0.88 0. 84 0. 87 0.29 0.77 0.44 0.06 
0.80 0. 81 0.77 0.16 0.86 0.33 0.15 
0.94 0.95 0.96 0.53 0.66 0.24 0.18 
0.28 0. 36 0.26 -0.20 0.79 0.49 0.02 
-0.25 -0. 36 -0.25 -0.07 -0.42 0.09 0.03 
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PART II. NITROGEN MINERALIZATION RATES AND NITROGEN 
MINERALIZATION POTENTIAL OF SOILS 
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INTRODUCTION 
The rate of N mineralization and the N mineralization 
potential (N^) of soils are important parameters in deter­
mining the amount of N fertilizer needed for optimum yield. 
The rate-limiting step in soil N mineralization is the con­
version of organic N to NH^-N, which in turn is rapidly-
oxidized to NOg-N in neutral and alkaline soils. Signifi­
cant amounts of NH^-N and NO^-N, however, accumulate in acid 
and calcareous soils, respectively, under certain conditions. 
The amount of N mineralized in soils in a given time depends 
upon temperature, pH, moisture content, amount and nature of 
plant residue, and level of other nutrients. Temperature 
and pH are considered the most important factors affecting 
N mineralization rates in temperate regions. Several 
mathematical relationships between the amount of N min­
eralized and time of incubation can be derived, but the 
first-order equation (N^ - N^) = log N^ - kt/2.303, pro­
posed by Stanford and Smith (1972) has been the most common­
ly used. In this equation, N^ denotes the cumulative amount 
of N mineralized during a specified period of incubation, t, 
and k is the rate constant and N^ is nitrogen mineralization 
potential. 
In addition to the soil-column leaching technique pro­
posed by Stanford and Smith (1972) to be used with the 
mathematical equation described above, N mineralization can 
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be achieved by steam distillation of soils with alkali and 
alkaline reagents. Through successive distillation for a 
constant time, the rate of NH^ released from soil organic N 
can be characterized. Therefore, the objectives of this 
part of the work were: (1) to assess the potential min-
eralizable N and N mineralization rates in selected Iowa 
and Chilean soils, and to compare the values obtained for 
soils incubated in leaching columns with those of direct 
alkali hydrolysis by steam distillation; (2) to compare the 
values obtained for the above parameters by the first-order 
equation proposed by Stanford and Smith (1972) with those 
obtained by a mathematicl model similar to the Michaelis-
Menten equation proposed for enzyme reactions; and (3) to 
study the relationships between the values obtained for the 
above parameters with leaching columns and alkali hydrolysis 
with those obtained by using the N yields of three croppings 
of corn and three cuttings of ryegrass described in Part I. 
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DESCRIPTION OF METHODS 
The soils used in this part of the study were those 
reported in Table 2, Part I, 
Determination of and N Mineralization Rates 
Leaching columns 
The procedure used for N mineralization in soil-glass 
beads mixture is described in detail by Tabatabai and Al-
Khafaji (1980). In this method, 20 g of field-moist soil 
was mixed with 20 g of glass beads (350-710 |j,m in diam) and 
placed in a leaching column. The soil-glass beads mixture 
was leached with 100 ml of 5 mM CaCl2 to remove the initial 
mineral N, and incubated at 20 or 30°C after the excess 
moisture was removed under suction (60 cm Hg). The soil-
glass beads mixture was leached every 2 weeks for a total of 
14 weeks. The amount of NO^-N produced was determined by 
ion chromatography (Dick and Tabatabai, 1979). Tests 
showed that no significant amount of NH^ or NO2 was pro­
duced in any of the soils studied. 
Hydrolysis in presence of 2 M KCl 
This method was essentially that proposed by 0ien and 
Selmer-Olsen (1980). In this method, 4 g of soil in a di­
gestion tube was treated with 40 ml of 2 M KCl, the tube was 
stoppered and heated in a block digestor at 100®C for 2, 3, 
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4, 6, or 20 hours, and the amount of NH^-N released was de­
termined by steam distillation. The total soil and solution 
was transferred into a distillation flask and the NH^-N 
was distilled off for 5 min after the addition of 0.22 g of 
MgO.) The amount of NH^-N released was determined as de­
scribed by Keeney and Nelson (1982). 
Alkali and alkaline hydrolysis 
Sodium hydroxide (0.5 or 1 M) and phosphate-borate 
buffer (pH = 11.8) were used in successive 5 rain steam 
distillation of soil to release NH^. In this method, 1 g of 
soil was distilled for 5 min intervals for up to 30 min with 
10 ml of 0.5 M or 1 M NaOH or 15 ml of phosphate-borate 
buffer (pH = 11.8) prepared as described by Stevenson (1982). 
Nitrogen yield of corn and ryegrass 
The N yields of the three croppings of corn (tops + 
roots) and three cuttings of ryegrass obtained (see Part I) 
were used to calculate the values. 
Tests indicated that 5 corn seeds and 1 g of ryegrass 
(planted per pot, see Part I) contained 21.4 and 25.7 mg of 
N. In order to find the distribution of this N in corn and 
ryegrass plants, corn and ryegrass seeds were germinated in 
acid-washed silica sand and the tops, roots, and the remain­
ing seeds were harvested after 10 days after counting the 
number of seedlings. The harvested materials were dried at 
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65°C for 48 hours, weighed, and ground to pass 40 mesh sieve. 
The materials were analyzed for total N by,the method of 
Nelson and Sommers (1973). The results were as follows; 
N yield/5 corn seeds or 
1 q ryegrass seeds 
Remaining Total N 
Crop Tops Roots seeds recovered 
mg N 
Corn 8.5 6.1 6.2 20.8 
(39.7) (28.3) (29.0) (97.0) 
Ryegrass 12.5 1.5 8.6 22.6 
(48.6) (5.7) (33.6) (87.9) 
The figures in parentheses indicate percentage N recovered. 
The amount of N in tops + roots of corn derived from the 
seeds were subtracted from the N yield for each cropping. 
The N contents of tops of ryegrass were not subtracted from 
the N yield of this crop because the seed-derived N con­
tributed N to the first cutting only, and that subtraction 
of the seed-derived N from the N yield of the first cutting 
resulted in unrealistic values (- N yields for the first 
cutting of ryegrass grown on some soils). 
Equations used to calculate 
Two equations were used to calculate N^; the exponential 
equation proposed by Stanford and Smith (1972) and the re­
ciprocal plot of the Michaelis-Menten equation used in de­
scribing enzyme reactions (see Tabatabai, 1982b). The 
first equation is; 
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Nm = Nq[1 - exp(- kt)] 
where = amount of N mineralized or hydrolyzed at specific 
time (t) and k is the rate constant. 
The second equation is: 
where = cumulative N mineralized or hydrolyzed at time 
(t) and is a constant (K^ = the time required to miner­
alize or hydrolyze 50% of N^). When the results are plotted 
1/N^ vs 1/t, the intercept = l/N^ and the slope = K^/N^. 
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RESULTS AND DISCUSSION 
The analyses reported in Table 2 indicate that the Iowa 
and Chilean soils used represented a wide range in pH, 
organic C, total N, organic and inorganic P, and organic and 
inorganic S, CEC, exchangeable bases, clay and sand. The 
total N ranged from 0.078 to 0.390% in the Iowa soils and 
from 0.131 to 0.761% in the Chilean soils. The information 
reported in Table 1 shows that the Tama and Okoboji soils 
from Iowa were treated with N fertilizers one year before 
sampling, and the results reported in Table 2 showed that 
these soils contained 31 and 21 p,g NO^-N per g of soil, re­
spectively. The concentrations of NH^-N and NO^-N reported 
for the other soils are those expected in unfertilized field-
moist soils. Five of the Chilean soils contained NO^-N con­
centrations >15 jj,g N/g of soil and two of these contained 
NH^-N concentrations between 10 and 20 jxg N/g of soil. The 
high concentration of NH^-N and NO^-N in some of the Chilean 
soils could be due to N mineralization during shipping. All 
soils were stored under field-moist conditions at 5°C to 
minimize N mineralization before use. 
Effects of Temperature and Soil Properties on N 
Mineralization Rates of Soils 
The types of relationship between cumulative N miner­
alized in soils incubated in leaching columns at 20 or 30®C 
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and time of incubation are shown in Figures 27 and 28. This 
relationship was linear for some soils (Fig. 27) and slightly-
curvilinear for others (Fig. 28). Significantly higher 
amount of N was mineralized at 30°C than at 20°C in each of 
the soils studied. 
The parameters and r values of linear relationships be­
tween cumulative N mineralized in soils at 20 or 30°C and 
incubation time are shown in Table 20. The straight line 
relationships obtained for cumulative N mineralized and time 
of incubation (Fig. 27 and Table 20) are different from those 
reported by Stanford and Smith (1972); they showed that N 
mineralization is related to t'. The slope values reported 
in Table 20 show that the rates of N mineralization at 20 
and 30°C in the Iowa soils ranged from 0.9 to 5.2 ^g/g per 
week and from 1.8 to 14.5 ng/g per week, respectively. The 
corresponding rates for the Chilean soils ranged from 2.3 to 
6.3 |ag/g per week and from 4.3 to 14.4 ^ g/g per week. The 
rates of N mineralization in the Iowa soils are within the 
ranges reported by Tabatabai and Al-Khafaji (1980) for 12 
Iowa soils. 
The amounts, Q q^» percentages of organic N min­
eralized in the soils incubated at 20 or 30®C for 14 weeks 
are reported in Table 21. The amount of N mineralized in 
the Iowa soils incubated for 14 weeks at 20 and 30®C ranged 
from 16 to 91 |j,g/g and from 26 to 194 |j,g/g, respectively. 
Figure 27. Relationship between cumulative N mineralized in four Iowa field-
moist soils incubated in leaching columns at 20 or 30°C and time 
of incubation; the mineral N produced was removed by leaching with 
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Figure 28. Relationship between cumulative N mineralized in two Iowa and two 
Chilean field-moist soils incubated in leaching columns at 20 or 
30®C and time of incubation; the mineral N produced was removed by 
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Table 20. Parameters and correlation coefficients (r) of 
linear relationships between cumulative N miner­
alized in soils (iig/g soil), Y, at 20 or 30°C and 
incubation time (weeks), X 
Parameter and correlation coefficient of linear 
relationship at temperature indicated 
20°C 30°C 
Inter- Inter-
Soil cept Slope r cept Slope r 
Iowa soils 
I da 3.1 0.9 0.985*** 1. 4 1. 8 0.990*** 
Hayden 4.3 3.3 0.996*** 5. 3 5. 8 0.973*** 
Downs 10.5 3.2 0.988*** 13. 4 7. 2 0.984*** 
Luther 8.8 3.5 0.953*** -0. 2 6. 5 0. 981*** 
Fayette 5.1 3.5 0.994*** 2. 1 7. 9 0.993*** 
Tamà 9.1 5.7 0.991*** -5. 1 14. 5 0.994*** 
Lester 6.3 4.1 0.994*** -6. 1 12. 3 0.983*** 
Clarion 7.2 2.3 0.979*** -12. 8 10. 7 0.993*** 
Muscatine 10.4 3. 3 0.989*** -5. 2 9. 6 0.998*** 
Nicollet 6.8 4.8 0.980*** -7. 6 12. 2 0.982*** 
Harps 7.5 1. 3 0.996*** -3. 3 5. 7 0.993*** 
Okoboji 8.7 6.2 0.984*** 2. 9 11. 7 0.991*** 
Canisteo 2.4 2.7 0.939*** -8. 2 8. 0 0.999*** 
Chilean soils 
Alhue 11.2 2.4 0.965*** 5. 1 4. 3 0.987*** 
Constitucion -1. 37 3.4 0.992*** 17. 6 6. 5 0.990*** 
Maipo 8.8 3.9 0.991*** 2. 6 7. 8 0.998*** 
Agua del Gato 16.3 2.3 0.989*** 4. 6 5. 4 0.998*** 
Collipulli 18. 3 2.7 0.989*** 14. 8 8. 0 0.993*** 
Santa 
Barbara 20.3 3.8 0.989*** 24. 2 13. 0 0.992*** 
Osorno 18.4 6. 3 0.992*** 39. 0 14. 4 0.988*** 
***Significant at p < 0.001. 
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Table 21. Amounts and percentages of organic N mineralized 
in soils incubated at 20 or 30®C for 14 weeks 
Percentage of 
Amount of N organic N 
mineralized at mineralized at 
Soil 200C 30OC 200C 300C Ratio^ 
-(ig N/g soil— 
Iowa soils 
Ida 15 26 2.1 3.4 1.6 2.0 
Hayden 49 83 6.2 10.4 1.7 1.8 
Downs 56 111 5.4 8.5 1.6 2.3 
Luther 55 89 5.5 8.8 1.6 1.9 
Fayette 53 110 3.1 6.4 2.1 2.3 
Tama 87 194 4.7 10.4 2.2 2.5 
Lester 65 167 2.6 6.6 2.5 3.0 
Clarion 41 140 1.5 5.2 3.5 4.7 
Muscatine 57 129 2.3 5.2 2.3 2.9 
Nicollet 75 161 2.7 5.7 2.1 2.5 
Harps 26 75 0.8 1.9 2.4 4.4 
Okoboji 91 161 2.4 4.2 1.8 1.9 
Canisteo 45 103 1.2 2.7 2.3 3.0 
Chilean soils 
Alhue 43 64 3. 3 5.0 1.5 1.8 
Constitucion 47 104 4.1 9.0 2.2 1.9 
Maipo 63 110 4.0 7.0 1.8 2.0 
Agua del Gato 49 79 1.7 2.7 1.6 2. 3 
Collipulli 57 128 2.5 5.7 2. 3 3.0 
Santa Barbara 73 201 1.2 3.3 2.8 3.4 
Osorno 105 236 1.4 3.1 2.2 2.3 
^Ratio of percentage of organic N mineralized at 30®C 
to that mineralized at 20°C. 
^Calculated from the ratio of the slope of the linear 
regression equation obtained for the results of N miner­
alized at 30°C to that of N mineralized at 20°C. 
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The corresponding values for the Chilean soils ranged from 43 
to 105 fig/g and from 64 to 236 fj,g/g. Expressed as percentages 
of organic N in soils, the amounts of N mineralized in the 
Iowa soils in 14 weeks at 20 and 30°C ranged from 0.8 to 6.2% 
and from 1.9 to 10.4%, respectively. The corresponding values 
for the Chilean soils ranged from 1.2 to 4.1% and from 3.1 to 
9.0%. The amounts and percentages of organic N mineralized 
in the Iowa soils are within the ranges reported by Tabatabai 
and Al-Khafaji (1980) for other Iowa soils. 
Temperature has a marked effect on N mineralization. 
The ratios of the percentage of organic N mineralized at 30° 
to that mineralized at 20®C ranged from 1.6 to 3.5 for the 
Iowa soils, and from 1.5 to 2.8 for the Chilean soils. The 
®10 values calculated from the ratio of the slope of the 
linear regression equation obtained for the results of N 
mineralization vs time at 30®C to that of N mineralized at 
20°C ranged from 1.8 to 4.7 for the Iowa soils and from 1.8 
to 3.4 for the Chilean soils (Table 21). In general, the 
values were somewhat higher than the ratio values ob­
tained for N mineralization in 14 weeks at 30 and 20°C. 
The Q q^ values obtained for the Iowa soils are similar to 
those reported by Tabatabai and Al-Khafaji (1980) for other 
Iowa soils. 
Statistical analysis showed that the cumulative N min­
eralized in 14 weeks at 20 and 30°C was significantly 
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correlated with organic C in soils (Fig. 29). The r values 
for this linear relationship was 0.55* for the N mineraliza­
tion at 20°C and 0.74*** for N mineralization at 30°C. Simi­
larly, the cumulative N mineralized at 20°C was significantly 
correlated with organic N (r = 0.57**). The corresponding 
correlation coefficient for the relationship for N miner­
alized at 30°C was 0.71*** (Fig. 30). From these results, 
it is not surprising that dry matter and N yields of corn 
and ryegrass were significantly correlated with organic C 
and total N (Fig. 13 and 14 and Table 13, Part I). 
Statistical analysis showed that the cumulative N 
mineralized at 20 and 30°C in 14 weeks was significantly, 
but negatively, correlated with soil pH (Fig. 31). 
Estimation of N Mineralization Potential of Soils 
Nitrogen mineralization potentials (N^) of the soils 
calculated from N yield of plants, soil incubation at 20 or 
30°C with successive leaching every 2 weeks for a total of 
14 weeks, or from chemical hydrolysis by certain reagents 
are reported in Table 22. The values for the mineralization 
rate constant obtained by using the exponential equation 
proposed by Stanford and Smith (1972) are reported in Table 
23. The values obtained by using the reciprocal plot 
(plotting 1/N^ vs 1/t) are shown in Table 24. The values 
obtained by using N yields of the three croppings of corn and 
Figure 29. Relationship between total N mineralized in Iowa and Chilean field-
moist soils incubated in leaching columns at 20 or 30®C and organic C; 
the mineral N produced was removed by leaching with 5 nM CaCl^ every 
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Figure 30. Relationship between total N mineralized in Iowa and Chilean field-
moist soils incubated in leaching columns at 20 or 30®C and organic N 
in soils; the mineral N produced was removed by leaching with 5 itM 
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Figure 31. Relationship between total N mineralized in Iowa and Chilean field-
moist soils incubated in leaching columns at 20 or 30®C and pHj the 
mineral N produced was removed by leaching with 5 itM CaCl? every 2 
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Table 22. Nitrogen mineralization potential (N^) calculated from N yield of plants, soil incuba­
tion at 20 or 30°C with successive leachings up to 14 weeks, or chemical hydrolysis by 
certain reagents^ 
NQ calculated from 
N yields 
N at indicated 
o^ c 
temperature 
NQ calculated from hydrolysis with 
reagent specified 
Soil Corn Ryegrass 20°C 30°C 2 M KCl PBB 1 M NaOH 0.5 M NaOH 
mg N/kg soil 
Iowa soils 
Ida - ( - ) 34 (58) 21 ( 55) 100 ( 79) 7 (10) 29 ( 42) 69 (115) 36 ( 70) 
Hayden 26 ( 32) 36 (48) 110 (104) 190 ( - ) 5 ( 7) 39 ( 46) 84 ( 99) 70 ( 90) 
Downs 37 ( 50) 52 (78) 77 ( 68) 187 (254) 11 (13) 66 ( 76) 134 (270) 86 (114) 
Luther 35 ( 46) 40 (58) 78 (126) - ( - ) 7 ( 8) 66 ( 88) 116 (192) 92 (192) 
Fayette 78 (104) 50 (64) 115 ( 96) 577 ( - ) 16 (18) 98 (130) 175 (204) 135 (175) 
Tama 68 ( 82) 64 (82) 162 (200) - ( - ) 12 (13) 134 (181) 237 (313) 177 (213) 
Lester 99 (130) 56 (76) 160 ( 90) - ( - ) 21 (27) 153 (400) 284 (333) 205 (250) 
Clarion 208 ( - ) 42 (60) 60 ( 45) - ( - ) 21 (20) 188 (397) 328 (385) 243 (294) 
Muscatine - (277) 36 (48) 79 (71) - ( - ) 19 (22) 161 (299) 280 (333) 234 (303) 
Nicollet 100 (136) 44 (64) 182 (120) - ( - ) 18 (19) 181 (291) 325 (556) 240 (255) 
Harps 33 ( 38) 36 (46) 29 ( 27) - ( - ) 23 (29) 173 (385) 291 (625) 204 (357) 
Okoboji 95 ( 99) 52 (84) 175 (206) 699 ( - ) 17 (17) 156 (196) 293 (357) 225 (278) 
Canisteo ( - ) 34 (46) ( 43) ( - ) 26 (27) 182 (322) 356 (435) 271 (345) 
Chilean soils 
Alhue 76 (106) 80(104) 48 ( 59) 147 (194) 12 (10) 57 ( 68) 99 (137) 64 ( 85) 
Constitucion 106 (141) 92(134) - ( - ) 152 (156) 12 (15) 45 ( 55) 96 (116) 57 ( 66) 
Maipo 67 ( 91) 56 (80) 98 (117) 625(1773) 14 (15) 60 ( 95) 157(1000) 63 ( 87) 
Agua del Gato 86 (112) 66 (90) 49 ( 52) 246 (207) 20 (37) 101 (179) 260 (625) 126 (204) 
Collipulli 106 (130) 54 (72) 58 ( 61) 261 (178) 23 (24) 128 (206) 238 (588) 153 (250) 
Santa Barbara 163 (209) 74 (72) 81 ( 83) 366 (365) 43 (39) 211 (298) 541(1000) 319 (833) 
Osorno 201 (234) 144(186) 146 (166) 337 (379) 89 (62) 430 (861) 798(1000) 453 (667) 
^Calculated by using the exponential equation of Stanford and Smith (1972) or the double 
reciprocal plot (figures in parentheses); - indicates that the convergence of the nonlinear model 
did not occur using 50 iterations (application of the double reciprocal plot on the same data 
showed negative values for N^). 
using N yield of corn tops + roots of three croppings and subtracting the N content in 
tops and roots of seedling grown in sand culture for 10 days. For ryegrass, the N yield of the 
three cuttings were used. 
'^Calculated from cumulative N mineralized in soils incubated in leaching columns at 20 or 
30°C and leached with 5 mM CaClg every 2 weeks for a total of 14 weeks. 
'^The methods used are described in captions of Figures 32, 33, and 34 for NaOH, 2 M KCl, and 
PBB (phosphate-borate buffer), respectively. 
Table 23. Nitrogen mineralization rate constant (k) calculated by using the expo­
nential equation of Stanford and Smith (1972) from N yield of plants, 
soil incubation at 20 or 30°C and successive leachings up to 14 weeks, 
or chemical hydrolysis by certain reagents^ 
k calculated 
from N yields^ 
k at indicated 
temperature^ 
k calculated from hydrolysis 
from reaaent specified^ 
Soil Corn Ryegrass 20OC 30®C 
1 M 0.5 M 
2 M KCl PBB NaOH NaOH 
days ^ weeks ^ hours ^ minutes"^ 
Iowa soils 
Ida 0. 0199 0. 0986 0. 0214 0. 1871 0. 0863 0. 0810 0. 0854 
Hayden 0. 0137 0. 0356 0. 4210 0. 0417 0. 3605 0. 1822 0. 1742 0. 1246 
Downs 0. 0106 0. 0255 0. 0855 0. 0637 0. 1859 0. 1593 0. 0710 0. 1424 
Luther 0. 0204 0. 0275 0. 0864 - 0. 2472 0. 0612 0. 0826 0. 0787 
Fayette 0. 0118 0. 0345 0. 0433 0. 0152 0. 1616 0. 0683 0. 1617 0. 1143 
Tama 0. 0287 0. 0324 0. 0540 - 0. 2633 0. 0833 0. 1298 0. 1573 
Lester 0. 0119 0. 0284 0. 0359 - 0. 1946 0. 0556 0. 1500 0. 1463 
Clarion 0. 0053 0. 0252 0. 0738 - 0. 1061 0. 0536 0. 1847 0. 1447 
Muscatine - 0. 0315 0. 0848 - 0. 1450 0. 0598 0. 1460 0. 1213 
Nicollet 0. 0088 0. 0259 0. 0368 - 0. 1855 0. 0682 0. 0811 0. 0833 
Harps 0. 0266 0. 0322 0. 1400 - 0. 1066 0. 0406 0. 0786 0. 0809 
Okoboji 0. 0060 0. 0207 0. 0530 0. 0189 0. 2093 0. 0919 0. 1481 0. 0072 
Canisteo - 0. 0271 — - 0. 1289 0. 0535 0. 1405 0. 1150 
Chilean soils 
Alhue 0. ,0202 0. ,0178 0. ,1386 0. ,0402 0. 0866 0. , 1109 0. ,0853 0. 1000 

















































Table 24. Nitrogen mineralization rate constant (K.) calculated by using the 
double reciprocal plot from N yield of plants, soil incubation at 
20 or 30°C and successive leaching up to 14 weeks or chemical 
hydrolysis with certain reagents^ 
calculated at indicated calculated from hydrolysis 
from N yields^ temperature with reagent specified^ 








— — — —  
hours 
Iowa soils 
Ida — 84 21.6 31.7 6.7 16 22 27 
Hayden 61 29 18.4 - 3.8 4 5 8 
Downs 108 56 6.3 19. 3 5.5 4 33 8 
Luther 52 47 18.0 - 3.7 19 21 32 
Fayette 95 30 14.8 - 5.2 16 5 9 
Tama 29 33 20.2 - 2.9 14 9 6 
Lester 101 42 5.0 - 6.0 57 5 6 
Clarion - 50 5.4 - 6.6 44 41 6 
Muscatine 443 34 6.7 - 6.6 33 6 9 
Nicollet 134 50 12.7 - 4.2 23 23 15 
Harps 27 32 3.5 - 11.7 60 34 23 
Okoboji 136 79 19. 8 - 2.9 11 6 7 
Canisteo —  42 6.5 — 6.1 34 6 9 
Chi lean soils 
Alhue 60 60 6.8 30.3 7.3 8 14 11 
Constitucion 57 52 - - 5.3 23 6 4 
Maipo 61 47 14.4 
Agua del Gato 51 39 3.4 
Collipulli 112 36 3.5 
Santa Barbara 65 15 4.4 
Osorno 23 29 10.2 

















three cuttings of ryegrass were markedly different and, in 
general, the results by the exponential equation markedly 
different from those calculated by using the reciprocal plot. 
Similarly, the calculated from the N mineralization in soil 
columns incubated at 20°C were markedly different from those 
obtained for N mineralization at 30®C. Temperature is not 
included in the exponential equation proposed by Stanford and 
Smith (1972) and, if this equation predicts N^, then the 
values obtained for N mineralization at 20°C should be simi­
lar to those obtained for incubation at 30®C. The results 
obtained for N yields or N mineralization for some soils 
did not obey the exponential equation; convergence of the non­
linear model did not occur by using 50 iterations. Similarly, 
the results obtained from the leaching columns, especially 
at 30®C, did not obey the exponential or the reciprocal model, 
and NQ could not be calculated (Table 22). 
The calculated, by using the exponential equation and 
the reciprocal plot, from the results obtained by successive 
5 min steam distillation with phosphate-borate buffer, 1 M 
NaOH, or 0.5 M NaOH, or by heat hydrolysis with 2 M KCl 
showed that the results varied considerably, depending upon 
the reagent used and method of calculation. 
The nitrogen mineralization rate constant (k) calculated 
by using the N yields of corn and ryegrass, the values of N 
mineralization at 20 and SO^C, and the release of NH^-N by 
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steam distillation with phosphate-borate buffer varied con­
siderably among the soils and method used (Table 23). The 
units were in weeks'^, days"^, hours and minutes"^, de­
pending on the method used in determination of the mineral N 
produced. The k values obtained for N mineralization in 
leaching columns incubated at 20 or 30®C were within the same 
order of magnitude as those reported by Stanford and Smith 
(1972) for 39 soils from the United States. 
The values (the time required to hydrolyze 50% of N^) 
calculated by using the reciprocal plot varied considerably 
among the soils and the method used (Table 24). The units 
are expressed in weeks, days, hours, and minutes depending on 
the method used in determination of the mineral N produced. 
Statistical analysis showed that the dry matter and N 
yields of corn tops + roots were significantly correlated 
with NQ calculated by using the reciprocal plot from the 
results obtained by successive 5 min hydrolysis of soil N 
with 0.5 M NaOH (Fig. 32). Similarly, the dry matter and N 
yields of corn tops + roots were significantly correlated 
with calculated by using the reciprocal plot from the 
results obtained by heat hydrolysis with 2 M KCl (Fig. 33). 
In the relationships between dry matter yield or N yield and 
NQ reported in Figures 32 and 33, the Iowa and Chilean soils 
fitted the same linear relationships. Regression analysis 
for the relationship between dry matter yield or N yield of 
Figure 32. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and N mineralization potential 
(Nq) calculated from the values obtained by six successive 5 min 
steam distillation of 1 g soil with 10 ml of 0.5 M NaOHj a double 
reciprocal plot (1/t vs l/N^) was used to calculate Nq, where t = 
time of incubation and = cumulative N mineralized at time (t) 
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Figure 33. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and N mineralization potential 
(Nq) calculated from the values obtained by hydrolysis with 2 M 
KCl (4 g soil/40 ml 2 M KCl) at lOQoc for 2, 3, 4, 6, and 20 hours; 
the NQ was calculated as described in the caption of Figure 32 
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T9T 
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corn tops + roots and calculated from hydrolysis with 
phosphate-borate buffer showed that the Chilean soils fitted 
a different linear relationship than that of Iowa soils 
(Fig. 34). These relationships were significant, except for 
that between dry matter yield and of the Iowa soils. 
Among the values calculated by the different methods 
and reagents, the highest significant linear relationship 
between dry matter yield or N yield of ryegrass and was 
obtained when the was calculated from the results of hy­
drolysis with 2 M KCl (Fig. 35). These and other r values 
for the relationships discussed above are summarized in 
Table 25. 
Further statistical analysis showed that the values 
calculated by the exponential equation for the results of N 
mineralization obtained for leaching columns incubated at 
30°C were significantly correlated (r = 0.85**) with 
calculated by the reciprocal plot for the results of heat 
hydrolysis with 2 M KCl (Fig. 36). Three points, however, 
deviated from this relationship. Similarly, the values 
calculated by the exponential equation for the results of N 
mineralization obtained for leaching columns incubated at 
30°C were significantly correlated, but curvilinearly (r = 
0.91**) with values calculated by the reciprocal plot for 
the results of hydrolysis with phosphate-borate buffer 
(Fig. 36). 
Figure 34. Relationship between dry matter yield or N yield of corn tops + 
roots produced in three croppings and N mineralization potential 
(Nq) calculated from the values obtained by six successive 5 min 
steam distillation of 1 g soil with 15 ml of phosphate-borate 
buffer (pH = 11.8); the was calculated as described in the 
caption of Figure 32; the upper regression lines are for the 
Chilean soils, the lower regression lines are for the Iowa soils, and 
the middle regression lines are for the Iowa and Chilean soils 
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Figure 35. Relationship between dry matter yield or N yield of three cuttings 
of ryegrass and N mineralization potential (Nq) calculated from the 
values obtained by hydrolysis with 2 M KCl (4 g soil/40 ml 2 M KCl) 
at lOQoc for 2, 3, 4, 6, and 20 hours; the No was calculated as 
described in the caption of Figure 32 
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Table 25. Correlation coefficients (r) between nitrogen 
mineralization potentials (Np) obtained with 




(tops + (tops + Dry matter 
o roots) roots) yield N yield 
-r-
N at 300C^ 0.22 0.05 0.03 -0.04 
o 
^o N at 200C^ 0.22 0.21 0.30 0.25 
N by 2 M KCl 
hydrolysis^ 0.74*** 0.80*** 0.70*** 0.58*** 
Nq by phosphate- , 
borate hydrolysis 0.61** 0.71*** 0.51** 0.55* 
Nq by 1 M NaOH-
hydrolysis^ 0.59** 0.60** 0.47* 0.46* 
Nq by 0.5 m NaOH-
hydrolysisb 0.68*** 0.79*** 0.46* 0.47* 
^Stanford and Smith (1972). 
'^Present investigation. Calculated by using the re­
ciprocal plot. 
*,**,***Significant at P < 0.05, 0.01, 0.001, 
respectively. 
Figure 36. Relationship between N mineralization potential (N^) calculated from 
the results obtained in mineralization of N and those obtained in 
hydrolysis with 2 M KCl at 100®C or by successive steam distillation 
with phosphate-borate buffer (pH = 11.8); the results of N mineraliza­
tion were obtained by incubating soils in leaching columns at 30°C; 
the mineral N produced was removed by leaching with 5 itM CaCl2 every 
2 weeks for a total of 14 weeks; the exponential equation of Stanford 
and Smith (1972) was used to calculate the Nqvalues with 2 M KCl 
and phosphate-borate buffer were calculated as described in the 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were: (1) to study the 
relationships between the available N determined by biologi­
cal and chemical methods and plant uptake of organic N in 
soils, and (2) to assess the potentially mineralizable N 
and N mineralization rates in selected Iowa and Chilean 
soils. The findings can be summarized as follows: 
1. The cumulative dry matter yields and N yields of 
roots produced in three croppings of corn grown under green­
house conditions were greater than those of corn tops. In 
general, the dry matter yields of tops and roots and their 
ratios decreased with successive cropping. Similarly, the 
ratios of N yields of tops and roots decreased with succes­
sive cropping. Nitrogen mineralization in the soils used 
was not rapid enough to meet the crop needs, and N defi­
ciency symptoms were increasingly observed with successive 
cropping with corn. This apparently resulted in the lower 
tops/roots ratio in the third cropping as compared with 
that of the first cropping. 
2. Both dry matter yields and N yields decreased with 
successive cutting of ryegrass, and the values obtained for 
ryegrass were lower than those obtained for corn tops. The 
dry matter yields of ryegrass roots were not obtained, and 
it is not possible to compare the significance of N yields 
of ryegrass roots with those obtained for corn roots. 
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3. In general, the dry matter or N yield of corn tops 
and roots was significantly correlated with each of the 7 
biological indexes studied. The amounts of mineral N pro­
duced in 14 days at 30°C under aerobic or waterlogged condi­
tions showed the highest correlation coefficients with corn 
dry matter or N yield. This was especially true when corn 
tops + roots were considered. Among the biological methods 
studied, the amounts of mineral N produced on incubation of 
soils under aerobic conditions at 30°C for 14 days were the 
most significantly correlated with dry matter and N yields 
of ryegrass. 
4. Among the chemical indexes studied, the values ob­
tained by heat hydrolysis with 2 M KCl for 20 hours, hydroly­
sis by autoclaving in the presence of 0.01 M CaClg, and hy­
drolysis with acid NagCrO^ showed the highest correlation 
coefficients for the relationships between these indexes and 
dry matter or N yield of corn tops, corn roots, or total 
corn tops + roots. Two regression lines were obtained (one 
for each of the Iowa and Chilean soils) for the relation­
ships between dry matter or N yields and the values obtained 
for hydrolysis by acid Na2CrO^. The values obtained by this 
method were significantly correlated with dry matter yield 
of corn tops + roots (r = 0.97***) and N yield (r = 0.96***) 
obtained for the Chilean soils. The values obtained by this 
method were not significantly correlated with the dry matter 
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yield obtained for corn grown on the Iowa soils, but they 
were significantly correlated at P < 0.05 when the N yields 
were considered (r = 0.60*). 
5. The values obtained by the chemical methods de­
scribed above (under 4) were significantly correlated (P < 
O.OOl) with dry matter or N yields of the three cuttings of 
ryegrass produced on the Iowa and Chilean soils. Regression 
analysis showed that organic C and total N were not as sig­
nificantly correlated with dry matter or N yields of rye­
grass as with those of corn tops + roots produced on the 
same soils. 
6. Among the alkali and alkaline reagents tested, the 
amounts of NH^-N released by steam distillation of soil for 
5 min with 1 M KOH, 1 M NaOH, 1 M LiOH, 4 M K^CO^, or 
phosphate-borate buffer (pH = 11.2 or 11.8) were the most 
significantly correlated with dry matter and N yields of 
three croppings of corn. Regression analysis showed that 
when the soils studied were grouped according to origin 
(Iowa or Chile), the amounts of NH^-N released from the 
Chilean soils by direct steam distillation for 5 min with 
1 M NaOH were highly significantly correlated with dry 
matter yields (r = 0.95***) and N yields (r = 0.96***) of 
tops + roots of three croppings of corn. This index was not 
significantly correlated for the dry matter yields obtained 
with the Iowa soils, but were significantly correlated (P < 
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0.05) with N yields, 
7. In general, the dry matter and N yields of the three 
cuttings of ryegrass were not as significantly correlated as 
those of corn tops + roots with the amount of NH^-N releasea 
by direct steam distillation of soils with the alkaline re­
agents studied. 
8. Statistical analysis showed that the values obtained 
with several of the chemical methods and alkali and alkaline 
reagents were significantly correlated with the values ob­
tained by the biological methods. Similarly, the values ob­
tained by direct steam distillation of soil for 5 min with a 
number of the alkali and alkaline reagents studied were sig­
nificantly correlated with those obtained by the traditional 
chemical methods. The highest r values, however, were ob­
tained by using 1 M LiOH, NaOH, or KOH. 
9. The relationship between the cumulative N miner­
alized and time of incubation was linear for some soils and 
slightly curvilinear with others. As expected, significantly 
higher amount of N was mineralized at 30°C than at 20®C in 
each of the soils studied. Expressed as percentages of or­
ganic N in soils, the amounts of N mineralized in the 13 
Iowa soils in 14 weeks at 20 and 30°C ranged from 0.8 to 
6.2% and from 1.9 to 10.4%, respectively. The corresponding 
values for the Chilean soils ranged from 1.2 to 4.1% and 
from 3.1 to 9.0%. The ratios of the percentage of organic N 
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mineralized at 30®C to that mineralized at 20^0 ranged from 
1.6 to 3.5 for the Iowa soils, and from 1.5 to 2.8 for the 
Chilean soils. The Q q^ values calculated from the ratio of 
the slope of the linear regression equation obtained for the 
results of N mineralization vs time at 30°C to that of N 
mineralized at 20°C ranged from 1.8 to 4.7 for the Iowa 
soils and from 1.8 to 3.4 for the Chilean soils. 
10. The cumulative N mineralized in 14 weeks at 20 and 
30OC was significantly correlated with organic C and N in 
soils. The cumulative N mineralized at both temperatures 
in 14 weeks, however, was significantly, but negatively, 
correlated with soil pH. 
11. The values obtained by using N yields of the 
three croppings of corn and three cuttings of ryegrass were 
markedly different, and, in general, the results by the ex­
ponential equation markedly different from those calculated 
by using the reciprocal plot. Similarly, the calculated 
from the N mineralization in soil columns incubated at 20°C 
were markedly different from those obtained for N min­
eralization at 30°C. The k values obtained for N mineraliza­
tion in leaching columns incubated at 20 or 30®C were within 
the same order of magnitude as those reported by Stanford 
and Smith (1972) for 39 soils from the United States. 
12. Among the values calculated by the different 
methods and reagents, the highest significant linear rela­
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tionship between dry matter yield or N yield of ryegrass and 
N was obtained when the N was calculated from the results 
o o 
of hydrolysis with 2 M KCl (r = 0.70*** for dry matter yield 
and 0.68*** for N yield). The values calculated by the 
exponential equation for the results of N mineralization ob­
tained for leaching columns incubated at SCC were signifi­
cantly correlated, but curvilinearly (r = 0.91**) with 
values calculated by the reciprocal plot for the results of 
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APPENDIX 
Table 26. Dry matter yields, total N, and N yields of above 
ground parts of three croppings of corn grown in 
soils under greenhouse conditions 
Dry matter yield 
Cropping Rep 
Soil no. I II III 
g/pot— 
Iowa soils 
Ida 1 0. ,60 0. 82 0. 66 
2 0. ,84 0. 66 0. 75 
3 0. ,41 0. 47 0. 55 
Hayden 1 0, ,74 0. 89 0. 75 
2 0. ,73 0. 58 0. 58 
3 0. ,43 0. 43 0. 40 
Downs 1 0. ,78 0. 77 0. 67 
2 0. ,55 0. 60 0. 57 
3 0. 30 0. 44 0. 33 
Luther 1 0. ,89 0. 82 0. 73 
2 0. 60 0. 52 0. 59 
3 0. 33 0. 41 0. 38 
Fayette 1 1. ,39 1. 28 1. 23 
2 0. ,92 1. 15 0. 81 
3 0. ,42 0. 56 0. 49 
Tama 1 1. , 14 1. 27 1. 27 
2 0. ,50 0. 50 0. 45 
3 0. ,46 0. 46 0. 51 
Lester 1 1. 15 1. 15 1. 05 
2 1. 85 0. 91 0. 70 
3 0. 71 0. 69 0. 63 
Clarion 1 1. ,10 1. 04 1. 15 
2 0. 81 0. 78 0. 62 
3 0. ,48 0. 45 0. 65 
Muscatine 1 0. ,76 0. 97 0. 67 
2 0. ,66 0. 58 0. 71 
3 0. ,38 0. 47 0. 46 
Nicollet 1 1. 16 1. 21 1. 09 
2 0. 93 0. 95 0. 88 
3 0. 69 0. 68 0. 70 
190 
Total N N yield 
I 
Rep 
II III I 
Rep 
II III 
1.80 1. 39 1.60 10. 80 11.40 10.56 
1.18 1.24 1..35 9.91 8.18 10.13 
1. 77 1.41 1.49 7.26 6.63 8.20 
1. 38 1. 25 1.51 10.21 11.13 11.33 
1.22 1.18 1.24 8.91 6.84 7.19 
1.73 1.50 1.48 7.44 6.45 5.92 
1.20 1.22 1.28 9.36 9.39 8.58 
1.27 1.27 1.44 6.99 7.62 8.21 
2.19 1.64 1.80 6.57 7.22 5.94 
1.40 1.42 1.55 12.46 11.64 11.32 
1. 57 1. 25 1.34 9.42 6.50 7.91 
1.77 1.63 1.70 5.84 6.97 6.46 
1.13 1.25 1.43 15.71 16.00 17.59 
1.33 1.13 1.17 12.24 13.00 9.48 
2. 33 1.66 1.84 9.79 9.30 9.02 
1.46 1.57 1.73 16.64 19.94 21.97 
1.72 1.60 2.05 8.60 8.00 9. 23 
1.66 1.52 1.73 7.64 6.99 8.82 
1.27 1.49 1.76 14.61 17.14 18.48 
1. 39 1.27 1. 31 11.82 11.56 9.17 
1.88 1. 36 1.54 13. 35 9.38 9.70 
1.22 1. 59 1.24 13.42 16.54 14.26 
1.05 1. 26 1. 34 8.51 9.83 8.31 
2.05 1.57 1.64 9. 84 7.07 10.66 
1.49 1.49 1.67 11.32 14.45 11.19 
1.52 1.32 1.34 10.03 7.66 9.51 
2.23 1.63 2.22 8.47 7.66 10.21 
1.41 1. 30 1.32 16. 36 15.73 14. 39 
1.47 1.06 1. 30 13.67 10.07 11.44 
1.45 1.49 1.57 10.00 10.13 10.99 
Table 26. (Continued) 
Dry matter yield 
Soil 
Cropping Rep 
no. I II III 
g/pot— 
Harps 1 0.91 0.99 0.88 
2 0.68 0.46 0.59 
3 0.48 0.70 0.52 
Okoboji 1 1.04 1.13 1. 39 
2 0.57 0.79 0.57 
3 0.50 0.54 0.59 
Canisteo 1 0.88 0.98 0.79 
2 0.61 0.66 0.65 
3 0.49 0.55 0.51 
Chilean soils 
Alhue 1 1.40 1.46 1.47 
2 1.10 1.14 1.10 
3 0.61 0.48 0.74 
Constitucion 1 1.56 1.51 1.45 
2 1.14 1.03 0.90 
3 0.44 0.58 0.56 
Maipo 1 1. 32 1.25 1.30 
2 1.04 0.93 1.11 
3 0.53 0.53 0.77 
Agua del Gato 1 1.18 1.09 1.20 
2 0.86 0.77 0. 83 
3 0.54 0.42 0.63 
Collipulli 1 0.84 1.12 0.90 
2 0. 86 0.90 0.76 
3 0.60 0.50 0.56 
Santa Barbara 1 2.15 2.30 2.35 
2 1.18 1.17 1.22 
3 0.88 0.76 0.84 
Osorno 1 3.50 3.33 3.23 
2 1.44 1. 34 1.23 
3 0.92 0.95 0.91 
192 
Total N N yield 
—Rep Rep 
II III I II III 
% 
-mg N/pot— 
1.38 1. 31 1.57 12.56 12.97 13. 82 
1.39 1. 38 1. 39 9.45 6.35 8.20 
1.66 1.33 1.71 7.97 9.31 8,89 
1.29 1.17 1.42 13.42 13.22 19.74 
1.35 1.13 1. 87 7.70 8.93 10.66 
1.79 1.86 1.65 8.95 10.04 9.74 
1.14 1.29 1.25 10.03 12.64 9.88 
1.57 1.32 1.31 9.58 8.71 8.52 
1.73 1.62 1.70 8.48 8.91 8.67 
1.31 1.41 1.37 18. 34 20.59 20.14 
1.30 1.24 1.15 14.30 14.14 12.65 
1.89 1.71 1.35 11.53 8. 21 9.99 
1.59 1.95 1.62 24.80 29.44 23.49 
1.41 1.46 1.47 16.07 15.04 13.23 
2.47 1. 88 1. 84 10. 87 10.90 10. 30 
1.27 1.27 1.55 16.76 15.88 20.15 
1.25 1.23 1.08 13.00 11.44 11.99 
2.00 1.46 1.41 10.60 7.74 10. 86 
1.71 1.71 1.91 20.18 18.64 22.92 
1. 34 1.42 1. 34 11.52 10.93 11.12 
1.94 1.83 1.47 10.48 7.69 9.26 
1.77 1.53 1.73 14.87 17.14 15.57 
1.16 1.13 1.06 9.98 10.17 8.06 
2.02 1.92 1. 84 12.12 9.60 10. 30 
1.34 1.23 1.34 28.81 28.29 31.49 
1.20 1.23 1.18 14.16 14.39 14.40 
1.52 1.71 1.54 13.38 13.00 12.94 
1.48 1.53 58 51.80 50.95 51.03 
1.04 1.20 1. 32 14.98 16.08 16.24 
1.76 1.51 1.44 16.19 14.35 13.10 
Table 27. Dry matter yields, total N, and N yields of roots 
of three croppings of corn grown in soils under 
greenhouse conditions 
Dry matter yield 
Cropping Rep 
Soil no. I II III 
g/pot 
Iowa soils 
I da 1 0. 86 0.97 0. 89 
2 1.05 1.06 1.14 
3 0.95 0.95 1.26 
Hayden 1 0.93 0.87 0.98 
2 0.88 0.50 0.79 
3 0. 84 0.74 1.02 
Downs 1 1.00 0.87 0. 83 
2 0.83 0.61 0.72 
3 0.65 0.94 0.65 
Luther 1 1.16 1.16 0.87 
2 0.89 0.65 0.78 
3 0. 89 0. 86 0.81 
Fayette 1 1. 31 1.46 1. 23 
2 1.10 1.14 0. 87 
3 0.94 1.03 0.78 
Tama 1 1.29 1.45 1.43 
2 0. 86 0.61 0.64 
3 0. 87 0.69 0.83 
Lester 1 1.48 1.48 1.67 
2 1.22 1.16 1. 30 
3 1.10 1.01 1.01 
Clarion 1 1.64 1.44 1.24 
2 1.16 1.00 0.87 
3 0.91 1.09 1.10 
Muscatine 1 1.08 1. 35 1.08 
2 1.18 1.16 1. 09 
3 1.01 1.10 1.09 
Nicollet 1 1. 27 1. 34 1. 30 
2 1.08 1. 35 1. 24 
3 1.01 0.97 1.08 
Total N N yield 
I II III I 
Rep 
II III 
1.12 0.96 1.14 9.63 9.31 10.15 
1.11 1.32 1.05 11.66 13.99 11.97 
1.50 1.19 1. 38 14.25 11.31 17.39 
1.07 1.12 0.94 9.95 9.74 9. 21 
1.08 1.56 1.22 9.50 7.80 9.64 
1.32 1.14 1.28 11.09 8.44 13.06 
1.54 1.20 1. 32 15.40 10.44 10.96 
1. 34 1.39 1.35 11.12 8.48 9.72 
1.63 1. 39 1.63 10.60 13.07 10.60 
1.28 1.24 1.09 14. 85 14. 38 9.48 
1.18 1.61 1.31 10.50 10.46 10.22 
1.45 1.11 1. 20 12.91 9.55 9.72 
0.93 1.20 0.90 12.18 17.52 11.07 
0.99 0.98 1.04 10. 89 11.17 9.05 
1. 50 1.26 1.31 14.10 12.98 10.22 
1.35 1. 33 1.43 17.42 19.28 20.45 
1.49 1.69 1.58 12.81 10. 31 10.11 
1.42 1.52 1.46 12.35 10.49 12.12 
1.08 1.07 1.04 15.98 15.84 17.37 
1.06 1.13 1.05 12.93 13.11 13.65 
1.18 1.16 1.12 12.98 11.72 11.31 
1.05 1.24 1.09 17.22 17.86 13. 52 
1.20 1.17 1.23 13.92 11.70 10.70 
1.32 1.12 1.22 12.01 12.21 13.42 
1.28 1. 12 1.15 13.82 15.12 12.42 
1.26 1.13 1. 37 14.87 13. 11 14.93 
1.66 1.46 1.49 16.77 16.06 16. 24 
1.25 1.22 0.93 15. 88 16.35 12.09 
0.88 0.93 1.04 9.50 12.56 12.90 
1. 32 1.24 1.25 13. 30 12.03 13.50 
Table 27. (Continued) 
Dry matter yield 
Cropping Rep 
Soil no. I II III 
g/pot 
Harps 1 1.43 1.08 1.37 
2 0.72 0.60 0. 82 
3 0.80 0.88 0.91 
Okoboji 1 1.19 1.08 0.86 
2 0.86 0.92 0.72 
3 1.00 0.89 0. 87 
Clarion 1 1.33 0.87 0.94 
2 0.91 0.89 0.92 
3 1.12 0. 85 0.99 
Chilean soils 
Alhue 1 1.72 1.54 1.45 
2 0.93 1.13 1.02 
3 0.93 0.80 1.06 
Constitucion 1 1.72 1.42 1.50 
2 1.08 0.91 0.92 
3 0.78 1.02 0.99 
Maipo 1 1.28 1.59 1.24 
2 1.25 1.02 1.22 
3 0.78 0.94 0.96 
Agua del Gato 1 1. 38 1.36 1.53 
2 1.11 0.98 1.06 
3 0.94 0.76 1.08 
Collipulli 1 1.34 1. 35 1.55 
2 1.29 1.41 1.02 
3 1.05 0.96 0.94 
Santa Barbara 1 2.43 2.36 2.52 
2 1.45 1.67 1.57 
3 1.67 1.45 1.61 
Osorno 1 3. 59 3.12 3.16 
2 1. 23 1.24 1.28 
3 1.44 1.45 1.41 
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Total N N yield 
—Rep Rep 
II III I II III 
% 
1.04 0.95 1.03 14.87 10.26 14.11 
0.91 1. 31 1.19 6.55 7.86 9.76 
1.14 0.97 1.23 9.12 8.54 11.19 
1.08 0.93 0.98 12. 85 10.04 8.43 
1. 30 1.21 1.51 11.18 11.13 10.87 
1. 30 1.33 1.67 13.00 11.84 14.53 
1.14 1.00 0.92 15.16 8.70 8.65 
1. 31 1.11 1.27 11.92 9. 88 11.68 
1. 38 1.31 1.50 15.46 11. 14 14.85 
1.12 1.00 0.92 19.26 15.40 13. 34 
0.92 1.14 1.00 8.56 12.88 10.20 
1.01 1.12 1.01 9.39 8.96 10.71 
1.16 1.21 1.09 19.95 17.18 16.35 
0.97 1.49 1.11 10.48 13.56 10.21 
1. 35 1.13 1.22 10.53 11.53 12.08 
1.12 1.14 1.03 14.34 18.13 12.77 
0. 80 0.99 0.88 10.00 10.10 10.74 
1.05 1.03 1.03 8.19 9.68 9. 89 
1.34 1.43 1.18 18.49 19.45 18.05 
1.03 1.42 1.10 11.43 13.92 11.66 
1. 32 1. 31 1.20 12.41 9.96 12.96 
1.18 1.18 1.06 15. 81 15.93 16.43 
1.09 1.15 1.00 14.06 16.22 10.20 
1.44 1.40 1.45 15.12 13.44 13.63 
1.10 1.06 0.93 26.73 25.02 23.44 
1.00 0.98 0.96 14.50 16.37 15.07 
1.02 1.10 1.11 17.03 15.95 17.87 
1.16 1.24 1.06 41.64 38.69 33.50 
0.76 0.90 0.98 9.35 11.16 12.54 
1.03 1.10 1.05 14.83 15.95 14.81 
Table 28. Dry matter yields, total N, and N yields of three 
cuttings of above ground parts of ryegrass grown 
in soils under greenhouse conditions 
Dry matter yield 
Cropping Rep 
Soil no. I II III 
g/pot 
Iowa soils 
Ida 1 0.38 0.36 0.33 
2 0.34 0.32 0.42 
3 0.18 0.11 0.16 
Hayden 1 0.53 0.49 0.47 
2 0.36 0.35 0. 39 
3 0.15 0.08 0.12 
Downs 1 0.38 0.34 0. 33 
2 0.27 0.38 0. 36 
3 0.08 0.12 0.09 
Luther 1 0.50 0.47 0.48 
2 0.49 0.46 0.52 
3 0.16 0.12 0.11 
Fayette 1 0.60 0.64 0.62 
2 0.42 0.48 0.44 
3 0.22 0.17 0.14 
Tama 1 0.76 0.71 0.66 
2 0.50 0.49 0.52 
3 0.14 0.20 0.25 
Lester 1 0.70 0.65 0.71 
2 0.43 0.48 0.50 
3 0.20 0.23 0.27 
Clarion 1 0.53 0.56 0.57 
2 0.51 0.43 0.42 
3 0.20 0.20 0.20 
Muscatine 1 0.51 0.42 0.48 
2 0.34 0. 32 0.35 
3 0.21 0.14 0.16 
Nicollet 1 0.49 0.57 0.63 
2 0.46 0.44 0.51 
3 0.19 0.13 0.19 
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Total N N yield 
Rep Rep 
II II III I II III 
% mg N/pot' 
2.04 1.74 2.61 7.75 6.26 8.61 
1.52 1.37 1. 33 5.17 4. 38 5.59 
1.11 1.16 1.15 2.00 1.28 1.84 
2.13 2.22 2.98 11.29 10. 88 14.01 
0.87 1.22 1. 38 3.13 4.27 5. 38 
1.11 1. 33 1.00 1.67 1.06 1.20 
3.73 3. 82 4.08 14.17 12.99 13.46 
2.33 2.36 2.16 6.29 8.97 7.78 
1.93 1.96 2.00 1.54 2. 35 1. 80 
2.20 2.07 2.70 11. 00 9.73 12.96 
1.05 1. 31 1. 19 5.15 6.03 6.19 
1.14 0.97 1.27 1.82 1.16 1.40 
2.42 2.52 2. 85 14. 52 16.13 17.67 
1.00 1.37 1.41 4.20 6.58 6.20 
1.17 1. 13 1.25 2.57 1.92 1.75 
2.80 2.63 2.86 21. 28 18.67 18. 88 
1.88 1.22 1.66 9.40 5.98 6.97 
1.58 1.38 1. 34 2.21 2.76 3. 35 
2.35 2. 35 2.23 16.45 15.28 15.83 
1.50 1.46 1.53 6.45 7.00 7.65 
1.16 1.14 1.11 2.32 2.62 2.99 
2.01 2.43 1.69 10.65 13.61 9.63 
1.02 1.43 1.49 5.20 6,15 5.04 
1.24 1.11 1.20 2.48 2.22 2.40 
2.17 2.46 2.50 11.07 10. 33 12.00 
0.94 1.37 1.43 3.20 4.38 5.00 
1.04 1.08 1.04 2. 18 1.51 1.66 
2.20 2.05 2.11 10.78 11.69 13.29 
1.02 1.43 1.44 4.69 6.29 7. 34 
1.28 1.16 1.13 2.43 1.51 2.15 
Table 28. (Continued) 
Dry matter yield 
Cropping Rep 
Soil no. I II III 
g/pot— 
Harps 1 0, .51 0. 48 0. 50 
2 0, .35 0. 37 0. 39 
3 0. 19 0. 18 0. 16 
Okoboji 1 0, .47 0. 54 0. 51 
2 0. 49 0. 48 0. 44 
3 0, .24 0. 16 0. 20 
Canisteo 1 0. ,49 0. 53 0. 43 
2 0. ,38 0. 31 0. 38 
3 0. ,19 0. 16 0. 21 
Chilean soils 
Alhue 1 0. ,85 0. 72 0. 71 
2 0. ,57 0. 58 0. 57 
3 0. ,15 0. 18 0. 20 
Constitucion 1 0. ,89 0. 77 0. 82 
2 0. ,76 0. 82 0. 79 
3 0, ,20 0. 23 0. 20 
Maipo 1 0. ,63 0. 65 0. 54 
2 0. ,50 0. 55 0. 50 
3 0. ,14 0. 19 0. 21 
Agua del Gato 1 0. 72 0. 75 0. 76 
2 0. 58 0. 58 0. 60 
3 0. 15 0. 23 0. 25 
Collipulli 1 0. 69 0. 57 0. 59 
2 0. 52 0. 49 0. 49 
3 0. 01 0. 17 0. 19 
Santa Barbara 1 1. 00 0. 98 0. 96 
2 0. 39 0. 47 0. 46 
3 0. 12 0. 14 0. 11 
Osorno 1 1. 42 1. 42 1. 52 
2 0. 99 0. 97 1. 03 
3 0. 29 0. 23 0. 30 
200 
Total N N yield 
—Rep Rep 
II III I II III 
% —mg N/pot--
2.55 2.22 1.95 13.00 10.66 9.75 
1.08 1. 30 0.90 3.78 4.81 3.51 
1.02 0.94 1.08 1.94 1.69 1.73 
2.22 1.86 2.73 10.43 10.04 13.92 
1.49 1.51 1.78 7.30 7.25 7.83 
1.30 1.24 1.14 3.12 1.98 2.28 
2.06 2.03 1.87 10.09 10.76 8.04 
0.91 1.31 1.25 3.46 4.06 4.75 
1.12 1.14 1.02 2.13 1.82 2.14 
2.31 2.50 2.06 19.64 18.00 14.63 
1.16 1. 33 1.37 6.61 7.71 7. 81 
1.15 1. 27 1.19 1.73 2.29 2.38 
3.20 3.11 2.56 28.48 23.95 20.99 
1.60 1.73 1.72 12.16 14.19 13.59 
1.45 1.40 1.61 2.90 3.22 3.22 
2.63 2.67 2.32 16.57 17.36 12.53 
1.87 1.32 1. 36 9.35 7.26 6.80 
1.18 1.07 1.17 1.65 2.03 2.46 
2.59 2.77 2.54 18.65 20.78 19. 30 
1.89 1.22 1.41 10.96 7.08 8.46 
1.11 0.97 1.02 1.67 2.23 2.55 
2.68 3.02 2.22 18.49 17.21 13.10 
1.40 1.39 1.34 7.28 6.81 6.57 
1.45 1.41 1.49 1.45 2.39 2. 83 
2.79 2.99 2.61 27.90 29.30 25.06 
1.55 1.61 1.69 6.05 7.57 7.77 
1.55 1. 35 1.43 1. 86 1.89 1.57 
3.46 3. 39 2.89 49.13 48.14 43.93 
1.49 1.71 1.85 14.75 16.59 19.06 
1.69 2.09 1. 85 4.90 4.81 5. 55 
Table 29. Amounts of N mineralized within successive incubation periods (weeks) 
in soils incubated at 20°C under aerobic conditions 




 2-4 4—6 6-8 8-10 10-12 12-14 Total 
Iowa soils 
Ida 1 3.8 3.7 1.7 1.6 1.7 2.3 1.2 16.0 
2 4.8 2.5 1.7 1.6 1.5 2.4 1.3 15.8 
Hayden 1 10.4 6.7 6.6 7.9 6.9 6.4 5.2 50.1 
2 10.4 7.1 6.6 7.1 6.2 5.4 5.9 48.7 
Downs 1 17.0 8.3 5.7 6.4 6.5 6.9 6.3 57.1 
2 17.0 5.8 5.4 6.4 6.2 6 . 2  8.5 55.5 
Luther 1 12.6 7.6 9.2 7.5 5.4 5.7 4.4 52.4 
2 12.6 14.3 6.7 7.5 5.8 6.8 4.4 58.1 
Fayette 1 10.4 8.3 7.1 7.1 8.1 6.9 6.7 54.6 
2 13.5 5.4 7.1 6.4 6.9 6.2 5.9 51.4 
Tama 1 20.4 11.3 13.3 12.1 9.2 12.1 8.9 87.3 
2 16.5 15.0 11.3 17.1 5.4 10.7 10.7 86.7 
Lester 1 15.7 6.7 6.7 8.6 7.7 9.3 8.9 63.6 
2 15.7 8.0 6.7 9.3 8.5 8.6 9.6 66.4 
Clarion 1 12.6 3.8 3.6 4.3 5.0 4.6 4.4 38.3 
2 13.0 4.2 3.6 5.0 5.4 5.4 6.7 43.3 
Muscatine 1 17.4 6.7 7.5 7.1 6.5 6.4 7.0 58.6 
2 16.5 6.7 5.8 6.4 6.5 6.4 6.7 55.0 
Nicollet 1 16.5 9.2 6.3 9. 3 10.8 10.0 9.6 71.7 












1 10.4 2.5 2.1 
2 10.4 2.5 2.2 
1 19.6 9.2 20.0 
2 19.6 9.6 20.8 
1 11.7 3.3 3.3 
2 10.4 2.5 2.5 
1 15.7 5.7 6.7 
2 12.2 7.5 6.4 
1 5.2 8.3 5.7 
2 5.2 7.5 5.7 
1 16.5 9.7 7.1 
2 12.6 13.2 6.1 
1 19.5 5.7 4.6 
2 20.9 6.1 4.6 
1 21.7 7.2 5.4 
2 24.4 7.0 4.3 
1 29.5 8.3 6.8 
2 24.8 9.2 6.8 
1 26.1 19.3 12.9 
2 29.1 16.7 12.1 
3.0 2.5 3.0 3.2 26.7 
2.7 2.4 2.9 3.0 26.1 
12.1 10.4 10.7 10.4 92.4 
12.9 10.0 10.0 7.4 90.3 
4.6 5.8 7.9 8.9 45.5 
4.3 6.2 7.9 9.6 43.4 
4.3 4.2 3.9 3.4 43.9 
4.7 3.1 3.9 3.7 41.5 
6.0 5.8 6.5 7.4 44.9 
7.3 8.3 6.0 9.1 49.1 
7.3 7.5 7.7 7.0 62.8 
6.7 9.2 5.4 8.9 62.1 
4.3 4.2 4.6 5.2 48.1 
4.3 4.2 4.6 4.8 49.5 
5.0 5.8 6.5 6.7 58.3 
4.7 5.0 4.6 5.2 55.2 
7.9 6.9 7.3 6.3 73.0 
10.2 7.5 7.2 6.3 72.0 
12.9 12.7 12.3 8.9 105.1 
10.7 11.5 13.9 10.4 104.4 
Table 30. Amounts of N mineralized within successive incubation periods (weeks) 
in soils incubated at 30®C under aerobic conditions 
N mineralized within successive incubation periods (wks) 





10-12 12-14 Total 
Iowa soils 
Ida 1 4.1 5.2 2.4 3.1 5.7 3.0 3.0 26.5 
2 5.5 3.5 2.5 3.5 3.5 4.0 3.0 25.5 
Hayden 1 12.3 15.1 11.9 10.7 12.9 10.0 6.9 79.8 
2 13.6 18. 3 13.8 10.0 14.3 9.2 6. 6 85.8 
Downs 1 24.5 18.3 14.4 13.3 20.0 13. 3 11.4 115.2 
2 23.6 19.1 18.8 12.5 14.6 7.4 10.3 106.3 
Luther 1 9.1 17.5 10.9 11.4 15.0 11.5 9.0 84.4 
2 10.9 19.1 10.6 15.7 15.0 11.2 11.0 93.5 
Fayette 1 17.3 18.3 16.3 16.8 17.7 11.9 12.1 110.4 
2 14.5 17.5 15.6 15.4 18.5 12.6 15.2 109.3 
Tama 1 25.5 29.3 25.4 35.0 31.7 27.2 26.4 200.5 
2 20.9 30.1 26.8 31.7 33.0 22.8 22.1 187.4 
Lester 1 21.8 27.0 18.1 25.0 33.6 26.9 21.4 173.8 
2 21.1 22.2 16.3 20.7 31.4 26.9 21.4 160.0 
Clarion 1 12.3 17.1 17.8 17.1 26.9 25.2 22.8 139.2 
2 13.6 17.9 16.9 25.0 18.1 26.0 23.5 141.0 
Muscatine 1 13.6 19.5 17.1 19.2 18.3 20.4 20.7 128.8 
2 15.5 19.1 18.2 19.6 20.0 20.0 18.6 131.0 
Nicollet 1 15.5 26.6 23.2 31.7 25.8 27.2 20.7 170.7 












1 9.1 9.9 11.3 
2 9.1 9.5 10.3 
1 20.5 29.7 22.9 
2 20.9 30.9 25.4 
1 8.2 14.1 17.5 
2 9.1 13.3 16.1 
1 11.4 10. 8 8.9 
2 12.7 10.8 8.9 
1 29.1 14.1 14.3 
2 28.5 13.7 14. 3 
1 17.3 16.3 15.7 
2 16.4 18.1 16.1 
1 15.5 10.4 11.1 
2 14.5 11.1 10.7 
1 31.4 15.3 13.2 
2 32.7 16.3 12.9 
1 50.9 33.3 19.6 
2 42.7 33.3 17.9 
1 61.8 41. 3 30.4 
2 59.1 38.1 27.1 
12.9 13.6 11.5 9.0 77. 3 
11.1 12.1 12. 3 8.6 73.0 
24.2 21.7 20.8 16.8 156.6 
24.2 25.0 20.8 18.2 165.4 
16.7 16.7 14.4 15.0 102.6 
16.7 15.4 17.6 14.3 102.5 
10.0 9.2 7.5 8.7 66.5 
5.0 9.2 5.8 9.7 62.1 
13.5 17.4 8.3 6.7 103.4 
13.5 14.9 10.0 10.3 105.2 
14.6 16.9 14.2 14.0 109.0 
15.4 16.5 14.2 14.7 111.4 
10.8 10.8 10.0 9.3 77.9 
12.3 11. 5 9.2 10.6 79.9 
16.2 16.9 15.8 14.7 123.5 
16.9 16.2 20.8 16.0 131.8 
26.4 27.7 25.9 17.9 201.7 
34.1 28.0 26.0 18.2 200.2 
26.8 30.8 25.9 24.0 241.0 
26.1 30.4 23.7 25.9 230.4 
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Table 31. Amounts of ammonium N produced by digestion of 
field-moist soils with 2 M KCl at 100°C for dif­
ferent times 
NH4-N produced at time 
(hours) specified 
Soil 2 3 4 6 20 
N/g soil' M^g 
Iowa soils 
I da 2.3 3.0 3.6 5.1 7.0 
Hayden 2.3 2.7 4.2 4.6 4.6 
Downs 3.6 4.1 5.8 6.9 10. 3 
Luther 2.9 3.2 3.4 5.9 6.4 
Fayette 5.4 5.7 7.0 10.7 15.6 
Tama 5.5 5.9 6.8 9.7 11.5 
Lester 6. 8 9.0 10.9 14.3 20.1 
Clarion 5.0 5.7 7.0 9.5 18.5 
Muscatine 5.4 6. 3 8.3 10.9 17.9 
Nicollet 6.8 7.1 7.4 14. 3 17.6 
Harps 4.6 5.3 6.2 12.9 19.9 
Okoboji 7.4 7.8 8.9 11. 3 16.8 
Canisteo 7.2 8.0 9.9 14.2 24.2 
Chilean soils 
Alhue 2.3 2.7 3.5 4.2 9.5 
Constitucion 4.2 5. 1 6.8 8. 3 11.7 
Maipo 4.4 4.9 6.0 8.5 13.6 
Agua del Gato 2.6 4.1 5.0 6.8 15. 2 
Collipulli 12.1 12.5 13.6 18.1 23.6 
Santa Barbara 11.6 12.9 15.0 20.4 38.7 
Osorno 15.8 17.7 20. 3 28.1 66.8 
^4 g of field-
basis) and 40 ml 2 
-moist 
M KCl. 
soils (<5 mm, on an oven-dry 
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Table 32. Amounts of N produced by steam distillation of 
field-moist soils with 1 M NaOH at successive 
periods 
NH4-N produced at successive distillation 
periods (min) specified^ 
Soil 0-5 5-10 10-15 15-20 20-25 25-30 Total 
M-9 iN/y o01± —— 
Iowa soils 
Ida 21.2 18. 8 9.0 4 . 9  4.8 4.9 63.6 
Hayden 51.4 17.1 5.8 4 . 9  4.0 4.1 87. 3 
Downs 35.1 35.1 19.6 13.8 6. 6 7.3 117.5 
Luther 36.7 30.2 17. 2 9.7 6.6 6.5 106.9 
Fayette 104.5 32.6 14.7 12. 2 9.0 8.2 181. 2 
Tama 114.2 61.2 25. 3 14.7 11.5 10.6 237.5 
Lester 163. 2 51.4 27.8 20.4 16. 3 13.0 292.1 
Clarion 210.5 57.2 27.7 16. 3 17.2 11.4 340. 3 
Muscatine 154.2 58.0 27.7 18.0 14.6 13.9 286.4 
Nicollet 98.7 84.9 50.6 28.6 17.1 14.7 294.6 
Harps 78. 3 89. 8 39. 2 22.8 16. 3 16.4 262. 8 
Okoboji 164.0 57.1 31.0 20.4 14.7 10.6 297.8 
Canisteo 193.4 70. 2 36.7 27.7 18. 8 14.7 361. 5 
Chilean soils 
Alhue 35. 1 23.7 10.6 8.9 8.2 6.6 93.1 
Constitucion 53.0 22. 1 8. 1 6.6 4.0 4.1 97.9 
Maipo 26.1 35.9 20.4 15.5 12. 3 7.3 117.5 
Agua del Gato 54.7 57.9 36.7 27.0 16. 3 16.6 209.2 
Collipulli 58. 8 69.4 30.2 24.4 14.7 9. 8 207. 3 
Santa Barbara 151.8 142.8 84. 8 44.1 34. 3 24.5 482. 3 
Osorno 386.0 176. 2 93.0 61.2 44.9 35.1 796.4 
^1 g of field-moist soil (<6 mm, on an oven-dry basis) 
and 10 ml of 1 M NaOH. 
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Table 33. Amounts of ammonium N produced by steam distil­
lation of field-moist soil with 0.5 M NaOH at 
successive periods 
NH4-N produced at successive distillation 
periods (min) specified^ 
Soil 0-5 5-10 10-15 ! 15-20 20-25 25-30 Total 
t^g 1\/g ———-
Iowa soils 
Ida 10.6 12.3 2.4 4.9 0.8 2. 5 33.5 
Hayden 33.5 16.3 8.1 5.7 4.1 0. 8 68.5 
Downs 42.4 26.1 5.8 5.7 4.0 1. 7 85.7 
Luther 25. 3 26.9 13.9 7.3 5.7 3. 3 82.4 
Fayette 61.2 31.0 16.3 11.4 7.4 5. 7 133.0 
Tama 100.4 39.1 16.4 11.4 6.5 6. 5 180. 3 
Lester 113.4 40.8 22.0 14.7 8.2 9. 8 208.9 
Clarion 131.4 50.6 25. 3 16.3 11.4 6. 5 241.5 
Muscatine 111.0 53. 8 28.6 15.5 13.1 12. 2 234.2 
Nicollet 70. 2 73.4 29.4 21.2 15.5 8. 2 217.9 
Harps 62.0 56.3 27.8 15.5 13.8 12. 3 187.7 
Ikobo ji 113.4 48.1 28.6 16.3 9.8 8. 2 224.4 
Canisteo 127.3 57.1 32.7 21.2 17.9 13. 9 270.1 
Chilean soils 
Alhue 26.1 15.5 6.5 4.9 5.8 3. 2 62.0 
Constitucion 35.9 12.2 4.9 1.7 1.6 0. 8 57.1 
Maipo 25. 3 15.5 8.2 6.5 0. 8 4. 9 61.2 
Agua del Gato 40.0 34.3 13.8 14.7 7.4 4. 9 115.1 
Collipulli 53.0 46.6 18.7 12.2 8.2 4. 9 143.6 
Santa Barbara 71. 8 82.7 48.7 29. 3 21.3 13. 8 267.6 
Osorno 190.1 137.9 78. 3 16.3 4.1 4. 9 431.6 
^1 g of field-moist soil (<6 mm, on an oven-dry basis) 
and 10 ml of 0.5 M NaOH. 
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Table 34. Amounts of N produced by steam distillation of 
field-moist soil with phosphate-borate buffer at 
successive periods 
NH4-N produced at successive distillation 
periods (min) specified^ 
Soil 0-5 5-10 10-15 15-20 20-25 25-30 Total 
(ig N/g soil 
Iowa soils 
Ida 10. 1 7.2 3.6 2.1 2.2 2.1 27.3 
Hayden 25. 2 7.2 2.1 2.9 1.4 2.9 41.7 
Downs 41. 0 9.4 5.7 5.8 3.6 4.3 69.8 
Luther 18. 7 11.5 8.6 6.5 5.8 5.0 56.1 
Fayette 30. 9 18.0 13.0 9.3 7.9 8.7 87.8 
Tama 48. 2 27.3 18.7 13.0 10.0 7.2 124.4 
Lester 31. 6 36.0 21.6 12.9 12.3 9.3 123.7 
Clarion 10. 3 68. 8 27.3 18.0 13.7 12.2 150. 3 
Muscatine 38. 8 36.0 20.9 17.2 10.1 12.2 135.2 
Nicollet 51. 1 41.7 23.7 15.8 14.4 13.7 160.4 
Harps 29. 5 28. 8 21.5 17.3 13.0 11.4 121.5 
Okoboji 64. 0 28.8 20. 8 15.1 11.5 10.1 150. 3 
Canisteo 41. 0 36.7 23.0 16.5 16.6 12.2 146.0 
Chilean soils 
Alhue 27. 3 9.4 7.2 6.4 2.9 2.9 56.1 
Constitucion 10. 1 6.4 4.4 4.3 5.7 2.2 33.1 
Maipo 13. 7 10.8 7.1 6.5 5.8 2.8 46.7 
Agua del Gato 18. 0 14.4 14.3 8.7 7.9 7.2 70.5 
Collipulli 36. 7 28.8 17.9 13.0 8. 6 7.9 112.9 
Santa Barbara 66. 9 43.9 27.3 21.6 15. 8 14.4 189.9 
Osorno 81. 3 76.9 53.2 42.5 35.2 28.1 317.2 
^1 g of field-moist soil (<6 mm, on an oven-dry basis) 
and 15 ml of phosphate-borate buffer (pH = 11.8). 
